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?AGE ii 

ABSTRACT 

This Quarterly Re l i ab i l i t y  Status  Report i s  sub- 
mitted i n  fu l f i l lment  o f  the requi remnts  of 
Paragraph 7.3 of  Reference (a) ,  and is  the s i x t h  
i n  a series of repor t s  t o  be submitted as p a r t  
of the Re l i ab i l i t y  Plan. 
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PAGE 1.1 

1.0  INTR3EL-CTI3N m s-JMMAFx 

1.1 

1.2 

Introduction 

Updated es+.imates o f  I B M  mission sicccess and crew safe ty  
have not been made t h i s  quarter primarily because of several  
configuration changes under stidy. 
these configuatdon changes have been performed and reported 
i n  the individual  mbsystem sect ion.  

R e l i a b i l i t y  analyses of 

A review of the  f o w t h  and f i f t h  quarter ly  repor t  was held 
w i t h  MSC d u i n g  the 1att;er p a r t  of t h i s  quarter.  A format 
and gromdrules  for fu ture  r epc r t s  was agreed t o  a t  t h i s  
meeting. It was decided tha t  the new format would 'be used 
s t a r t i n g  with the seventh quarter ly  repor t  since incorporating 
these changes i n  t h i s  repor t  would have r e su l t ed  i n  a con- 
s iderable  delay i n  i t s  re lease .  

During t h i s  quarter the major e f f o r t  i n  Systems and Sub- 
systems Re l i ab i l i t y  Group was i n  the area of weight-relia- 
b i l i t y  and configuration trade-off s tudies .  These s tudies  
have included micrometeorite shielding, the helium pressur- 
i za t ion  of the ascent and descent propulsion, e l e c t r i c a l  
power system generation and d i s t r ibu t ion  and the over-al l  
Navigation and Guidance function. R e l i a b i l i t y  analyses of 
a l l  other  areas has a l so  been continuing. I n  l i g h t  of the 
f a c t  t h a t  GAEC and NASA/MSC are  examining a l t e rna te  approaches 
f o r  increasing the Control Weight, weight - re l iab i l i ty  trade- 
o f f  stuldies w i l l  continue during the next quarter.  

The Fai lure  Mode and Effec t  Analysis w a s  begun during t h i s  
quarter and a schedule of milestone dates submitted t o  MSC. 
The approach and the schedule for  performing the over-al l  
LEM FMEA and the in tegra t ion  of vendor FMEA's i s  presented 
i n  Section 3. 

,/ 
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PAGE le2 

1.2 Summary (continxed) 

Continuous e f f o r t  i s  being devoted t o  the r e l i a b i l i t y  and 
maintainabi l i ty  aspects of new and revised spec i f ica t ion  
requirements, proposal evaluation and review and analyses 
of general  subcontractor documentation. These are  presented 
i n  Sections 4 and 5. 

I Rel iabi l i ty  Assurance tes t  planning continued during t h i s  
quarter.  This e f f o r t  reported i n  Section 5 has been con- 
t inued i n  a l l  subsystem areas  and LTA's 1 through 10. 

Revisions and updating of the  Acceptable Par t s  L i s t s  and 
Application Guide, LED-550-25, continued. Revised derat ings 
f o r  a l l  t r ans i s to r s  and semiconductor diodes have been 
completed . 
Maintainabili ty analyses have been s t a r t e d  i n  the  propulsion, 
reac t ion  control,  communications, f l i g h t  controls  and environ- 
mental control subsystems. These have included design pre- 
launch checkout operations and GSE consideration. 

The major e f f o r t  on L E M  GSE during t h i s  quarter has been i n  
developing a r e l i a b i l i t y  program for GSE, the establishment 
of spec i f ica t ion  and vendor requirements format f o r  relia- 
b i l i t y  and maintainabi l i ty  requirements, and analyses of 
GSE common-usage r e l i a b i l i t y  requirements. This e f f o r t  i s  
presented i n  Section 6. 

The ARINC Rel i ab i l i t y  Training Course was completed during 
t h i s  quarter and was considered very successful.  
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2.0 RELIABILITY MANAGEMETE 

During t h i s  period the LEM R e l i a b i l i t y  Program has been 
implemented t o  comply with the NASA R e l i a b i l i t y  Publ icat ion 
NPC-250-1. An errata and revis ions t o  LPL-550-1A, the 
G r m a n  Re l i ab i l i t y  Plan of 30 April  1964, has been sub- 
mit ted on 26 June 1964. 

A review of the fourth and f i f t h  Quarter ly  R e l i a b i l i t y  
Status  Report was held with MSC during the l a t t e r  p a r t  of 
t h i s  quarter.  The format and guidelines f o r  fu r the r  guar- 
t e r l ies  was agreed upon. These changes w i l l  be incorporated 
i n  the seventh quarter ly  report .  Spec i f ica l ly  t h i s  sect ion,  
R e l i a b i l i t y  Management, w i l l  present the s t a t u s  of the  R e l i -  
a b i l i t y  Program i n  a form such t h a t  can be co l l a t ed  with 
NPC-250-1. This sect ion will include, among other  things,  
re la t ionship  between GAEC and i t s  subcontractors, schedules 
and problem areas, and r e l i a b i l i t y  t rend  ind ica tors .  
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P A G E  3.1 

3.0 

3.1- 

SYSTEMS rnALYSIS 

General 

Dming t h i s  quarter,  the  major system r e l i a b i l i t y  analysis 
e f f o r t  was spent i n  the continuation of weight - re l iab i l i ty  
t rade-off  s tudies ,  and configuration analyses. This e f f o r t  
has been directed toward the optimization of mission success 
and crew safe ty  within the over-al l  L&M control  weight. The 
r e s u l t s  of the weight - re l iab i l i ty  trad-e-off study f o r  mete- 
oroid shielding is presented i n  Section 3.3, and the e f f o r t  
being conducted t o  trade-off weight and r e l i a b i l i t y  i n  the 
f l i g h t  measllrements axeareported i n  Section 3.4. Work has 
continued i n  developing the r e l i a b i l i t y  paths for each sub- 
system and the over-all  system fo r  estimating mission suc- 
cess and crew safety.  This e f f o r t  is  reported i n  Section 
3.5. Durirrg t h i s  qliarter, the LEM Fai lure  Wde and Effect  
Analysis has been s t a r t ed .  The approach t o  be taken and a 
schedule of milestones i s  reported i n  Section 3.6. 
3.7 discusses the present s t a t u s  of the LEM Re l i ab i l i t y  Con- 
t r o l  Computer Program. 

Section 

3.2 R e l i a b i l i t y  Evaluation Mission P ro f i l e  

The r e l i a b i l i t y  mission p ro f i l e  i s  designed t o  provide a 
basic  mission time l i n e  f o r  r e l i a b i l i t y  estimation by both 
L E M  subcontractors and Grumman. This p ro f i l e  represents a 
standard time l i n e  which i s  most representat ive of f lyable  
LEM missions. While t h i s  p r o f i l e  w i l l  be updated period- 
i c a l l y ,  it i s  not intended tha t  it w i l l  be changed fo r  every 
minute mission time change. It should be noted that  pro- 
f i l e s ,  such as C r i t i c a l  Design and Weight Reporting Missions, 
have been developed by various LEM groups i n  order t o  bes t  
describe t h e i r  par t icu lar  m e a  of concentration. 
same context, t h i s  mission p ro f i l e  describes a typ ica l  LEM 
mission t o  be used i n  all r e l i a b i l i t y  analysis.  

In the 

Table 3.1, Mission P ro f i l e  f o r  Re l i ab i l i t y  Estimates, sep- 
a ra tes  the LEM mission in to  t e n  (10) major phases and par- 
t i t i o n s  it in to  boost and non-boost times. Boost time being 
defined as whenever a major propulsion uni t  i s  operating and 
subjecting the LLEM t o  added environmntal  s t resses .  The K 
f ac to r s  f o r  Non-Boost, Boost, Non-Boost Non-Operative, and 
Boost Non-Operative represent mult ipl icat ion fac tors  on the 
basic  f a i l u r e  r a t e s  t o  a s o u n t  fo r  the various environmental 
and operat ional  s t a t e s .  
implemented i n  a l l  design control  specif icat ions.  

This r e l i a b i l i t y  p ro f i l e  i s  being 
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TABLE 3.1 

I'4ISSZON PROFILE FOR IiELIABILITY ESTIMATES 

Main Phase 

PTelaunch 

Earth Laznch 

Earth Orbit Tkiroi;lgh 
Trmsposit ior!  

Contimed Translunar 
Trip Tarough L m a r  
Orbit  I n j e c t i o i  

Coast I n  Lunar Orbit  
(LEM Checkout) 

T o t a l  Pre-separation 

L E M  Separa t io i  To 
Inser t ion  

Inser t ion  And Hohmann 
Transfer Orbit  

Povered Descent From 
Pericynthion To Eover 

Hover To Touchdom 
Post Landing C h k t .  
E q l o r a t  ion 
Pre lamch Preparatia 

Total Lunar Stay For 
Mission Success Est'Jna 

Additional Lunar Stay 
For Crew SafekJ- Est ima 

Powered Ascent A r d  
I n j e c t  ion 

Transfer Coast 

Recdezvous (5 Nautical 
Miles To 500 Beet) 

Docking (500 Feet To 
Contact ) 

Mission Times 

on-Boos t 
Hours 

10.0 

3.8 

72.2 

4.0 
0.85) 
90.0 
0.478 

0.968 

1.25 
1 e 083 
1.667 
4.00 

20.0 
: 

0.7 
0.167 

0.25 

oost 
ours 

1.97 
.087 

' 09 

' 0  374 

1.002 

1.13: 

1 . 0 5 ~  

). 09: 

Equipment Operating Time P ro f i l e  

on-Boost 
Oper . 
K = l .  0 

oost 
per. 

=10 
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'*=E 3.3 

3.3 Weight -Reliab i l i t y  Trade -Off Study (Meteoroid) 

During t h i s  quarter,  the Phase I1 e f f o r t  of the LEM weight- 
r e l i a b i l i t y  study was completed and reported i n  LED-550-29. 

The objective of t h i s  phase of the study was t o  determine the  
re la t ionship  between meteoroid shielding and over-al l  LEM 
weight - re l iab i l i ty  constraints .  The. purpose of the  study was 
t o  recommend how much weight i n  meteoroid shielding, i f  any, 
should be added t o  the  vehicle and where it should be allocated. 
The meteoroid environment and penetration mechanics model 
u t i l i z e d  i n  the study was developed and supplied by NASA-MSC. 
The above referenced report  contains the details of the study, 
but  the following conclusions and recommendations describe 
the most important r e su l t s  of the study. 

1. 

2. 

3. 

Major increases i n  mission success and crew safe ty  can be 
obtained f o r  an addi t ional  160 t o  250 pounds of separation 
weight. For the meteoroid environment only, 160 pounds of 
separation weight increases mission success from 0.09 t o  
.893 and crew safety from 0.52 t o  .973. 
w i t h  the  inherent r e l i a b i l i t y  of the LEM vehicle,  the 
estimates are  
crew safety,  respectively.  

About 250 pounds of separation weight must be al located 
f o r  shielding before it would pay t o  a l loca te  addi t ional  
weight t o  increase the re l iabi l i t ies  of individual sub- 
systems. The LEM system parameters of weight and r e l i a -  
b i l i t y  are optimally traded-off f o r  t o t a l  vehicle weight 
increases ranging from 160 t o  250 pounds. 

The optimum al locat ion of dry weights f o r  an addi t ional  
160 pounds separation weight i s  30 pounds i n  ascent stage 
and 16 pounds i n  the  descent stage. This weight should 
be spread so as t o  add addi t ional  shielding t o  those 
surface areas of the  t o t a l  vehicle having the grea tes t  
e f f e c t  on both mission success and crew safe ty  and hav- 
ing the th ines t  inherent skin thicknesses ( .006 inches ). 
Thus, i n  the ascent stage, 23 pounds should be spread 
over the c r i t i c a l  e f fec t ive  area and 7 pounds over the 
remaining non-cr i t ical  areas of .006 shin thickness. 
16 pounds i n  the descent stage should be spread over those 
sreas cf .006 skin thickness. 
for each stage are l i s t e d  i n  Table I below. 

When combined 

0.822 and 0.963 for  mission success and 

The 

!he detailed recommendations 
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CAGE 3.4 

T i t l e  O f  
Sect  ion 

Nav Dome 

mr BW 

Tank Section: 
+z BKH3 
-Z BKHD 

TOTALS 

TABLE I 

GPTIM224 DISTRIBUTiGX OF 160 PGXii2S OF S E F A U T I O N  WEIGHT FOR METEOROID SHIELDING 

C r i t i c a l  Vessels 
Affected 

SOX,  GOX w-d Ascent 
H, Pressure Tanks 

Ascent Propulsion 
Fuel Tanks & RCS H, 
Pressure Tanks 

2 scent Stage R e  comendat ion: 

E e  addit.ion of ,006 inches of shielding to ex i s t ing  skin thicknesses of .006 
inches i n  the Diagonal Panel and Eagonal  Tcp Sections. 

Dry Weight. - 16 pounds i i e l i ab i l i t y  Increase - M.S. = .52 t o  .975 

Ascent St age Recommendat ion: 

1. 

2.  

The addi t ion of .006 inches cf shielding t o  ex i s t ing  skin thickness of 
,006 inches as noted below - weight 23 poands. 

The addi t ion of .006 inches of shielding t o  ex i s t ing  skin thickness of 
,006 inches i n  all remaining non-cr i t ica l  areas as noted below - 
veight  7 pounds. 

I 

I 

cd 
a," 

k 

- P m  

4.P- 
2 ;  
8" 

13.4 
104.5 

121 
49.2 
55.4 

79.5 

a m m  
m m a ,  
cd a s  
a , c o  
2.28 q 
- - 
.006 
.006 

.006 

.006 

.006 

a m m  
m m a  $35 
L 8  
c .rl +Is 

€3 

.006 

.006 

.006 

.006 

.006 

264 

3. Dry Weight - 30 pounds 

R e l i a b i l i t y  Increase - 23 pouds  i n  c r i t i c a l  areas 
7 pvmds i n  non-cr i t ica l  areas 

Mission Success = .186 t o  .916 
Crew Safety = .52 t o  -973 
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4. I n  order t o  evaluate the conseqilences involved i n  the implementation 
of the recommendations l i s t e d  i n  Table I, a de ta i led  study by St ruc tura l  
Analysis and Weights personnel i s  required. The pr inc ipa l  input t o  t h i s  
stitdy w i l l  be the  marksd-up s t . r a c t x a l  blueprints  depicting the c r i t i c a l  
and non-cr i t ica l  e f f ec t ive  areas described i n  Table I. 
together with the  recommer,deed skin thicknesses t o  be added i n  each area, 
should serve as a bas i s  f o r  the  study. The r e s u l t s  of the study should 
include the  following points: f i r s t ,  the t o t a l  penalty associated with 
the incorporation of these changes, both in te rna l ,  e.g., welds, fas teners ,  
supports, and s t i f  fenem, e t c  . , and external ;  addi t ional  skin thicknes- 
ses.  Second, the  e f f e c t  of the changes on associated subsystems as w e l l  
as the over-al l  f e a s i b i l i t y  of the  changes; t h i r d ,  the  associated con- 
s idera t ions  of cos t  and schedule. 

These blueprints ,  

Future e f f o r t s  i n  the study include: 

1. 

2.  

3. 

4. 

5. 

6. 

Continuolcls updating of weight and r e l i a b i l i t y  estimates 
due t o  var ia t ions  i n  vehicle  design. It should be noted 
tha t  rough parametric s tud ies  indicate  t h a t  the basic  
conclusions presented i n  the  repor t  w i l l  not be s igni f -  
i can t ly  changed by minor var ia t ions  i n  r e l i a b i l i t y  and 
weight estimates . 
A complete Failure Effects  Analysis of a l l  possible 
failures t h a t  can be caused by meteoroid penetrations.  
This study w i l l  r e s u l t  i n  more re f ined  def in i t ion  of 
the c r i t i c a l  e f fec t ive  areas.  

The r e s u l t s  of Conclusion ( 4 )  w i l l  be incorporated i n  
the over-al l  system approach. 

Study the f e a s i b i l i t y  of reposi t ioning c r i t i c a l  com- 
ponents compared with weight increases with the  ex terna l  
shielding approach over se lec t ive  areas. 

Invest igat ion of the weight penal t ies  connected with 
meteoroid shower ac t iv i ty .  

Trade-offs i n  a l loca t ion  of amounts of weight between 
subsystems and shielding. 
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PAGE 3. 

3.4 F l ight  System Measxements 

A study has been in i t i a5ed  i n  an e f f o r t  t o  aid i n  the 
de f in i t i on  of measurements f o r  the LEM 10 vehicle  t o  be 
considered for  ei5her operational display, caution and 
warning panel, on-board checkout or telemetry. The bas ic  
appmach d f  t h i s  ~ ~ ~ d y s i s  i s  fo d e k m i n e  which measwe- 
ment information i s  necessaxy and how they should be 
categorized, such tha t  they represent the bes t  balance 
between optimum system r e l i a b i l i t y  achievement and t o t a l  
LtEM weight constraints .  The primary r e s u l t s  of the study 
w i l l  be (1) a ranking with respect  t o  weight - re l iab i l i ty -  
c r i t i c d i t y  of the measurements contained i n  the LEM 10 
Basic Measwements L i s t ,  (2 )  a l i s t i n g  of possible addi- 
t i ons  and dele5ions t o  this basic  l i s t ,  and (3) recommenda- 
t i ons  as t o  the optimum candidate measurements f o r  opera- 
t i o n a l  dsiplay,  caxtion and warning panel, on-board check- 
out and telemetry. 

I n  order t o  cwry  out t'nis evaluation process, the f c d . 1 ~ ~ -  
ing general c r i t e r i a  or  ground ru l e s  u e  assumed: 

1. 

2. 

30 

4. 

Functional information required by the crew f o r  the 
proper operation of the  spacecraft  must be displayed. 

Measurements are t o  be considered i n  the Caution and 
Warning category i f  out-of-l imit  values of t he  parameter 
being measured indicate  the need fo r  impending or im- 
mediate crew act ion.  

On-Board Checkout sho-ild u t i l i z e  ex i s t ing  operational,  
caution and warning, and telemetry measurements wherever 
possible.  Additional measurements f o r  On-Board Checkout 
must Signif icant ly  contribute t o  an adequate l e v e l  of 
confidence of spacecraft  operation pr ior  t o  c r i t i c a l  
mission phases. 

Measurements f o r  telemetry should be provided only i f  
(a)  they contribu5e e i t h e r  t o  supplying a means of 
f a i l u r e  an t ic ipa t ion  which the l i m i t s  of on-board dis- 
plays or  crew task loading prevents the crew from per- 
forming, or (b)  i f  t h i s  measurement information would 
enable the earth t o  s ign i f icant ly  pa r t i c ipa t e  i n  the 
major decision making processes of Yne crew.  
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P A G E 3 . 7  

Fl igh t  Systpem _&asurements (continued) 

In  evaluating and categorizing the f l i g h t  system measure- 
ments from a r e l i a b i l i t y  viewpoint, c r i t e r i a  2, 3, and 4 
require  de ta i led  analytical. s+,Ltdy. I n  order t o  f a c i l i t a t e  
t h i s  s t a d y ,  a preliminary format has been developed (Table 
3.5.1) to comFila, i n  a l o g i c a l  macner, the da ta  necessary 
tu c w r y  0x5 %he ~ i g k i C , - Y . e l i a ~ i l i t y - ~ ~ i t i c a l i t y  trade-offs.  
Using the Basic LEM 10 Ikasurements L i s t  as a s t a r t i n g  
point,  each measuremnt i s  being analyzed and classified 
according t o  the following pwameters: 
function being measure; second, probabi l i ty  of f a i l u r e  of 
t h i s  function p r io r  t o  a c r i t i c a l  mission phase; t h i r d ,  
p robaki l i ty  of f a i lu re  of the means of measurements (sensor); 
foxr th ,  c r i - k i c d i t y  of the function being measured, i .e . ,  
e s s e n 3 i d  f o r  crew safety, etc . ;  f i f t h ,  physical  weight of 
the measurement means and i t s  associated hardware. The 
e f fec3  on the functions r e l i a b i l i t y  can be derived from the 
mode and probabi l i ty  of f a i l u r e  of the measurement means 
and i t s  r e l i a b i l i t j r  re la t ionship  t o  the Panetion. The 
trade-off s tud ies  w i l l  begin during the next quarter as 
all the per t inent  data i s  generated and collected.  

f irst ,  the vehicle 

3.5 R e l i a b i l i t y  Estimation 

3.5.1 Path AnKLysis 

Continued e f f o r t s  i n  the r e l i a b i l i t y  path analysis  have 
been directed towards the completion of the study as 
described i n  the last quarter ly  repor t  (Section 3.4). 
The major r e s u l t s  of the study w i l l  take the form of r e l i -  
ab i l i t y  paths and feasibil i ty f ac to r s  by mission phase f o r  
each nominal subsystem configuration. These r e s u l t s ,  to-  
gether w i t h  operating times, s t r e s s  fac tors  and updated 
equiprnent f a i l u r e  r a t e  estimates are being s tored on com- 
puter  tape as they are  complied. The tapes i n  t u r n  w i l l  
be used i n  the compJter program f o r  r e l i a b i l i t y  estimation 
(see Section 3.5.2). 
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3.5.1 Path Analysis (continued) 

The present s t a tus  of the  analysis  is: 

1. Mission Success Paths have been completed and documented 
for:  

a. Guidance and Control - including 'Navigation and 
Guidance, S tab i l iza t ion  and Control, and VHF por- 
t i o n  of Communications (revised paths i n  LM0-550- 

Ascent and Descent Propulsion (LED-550-31) 
319 ) 

b. 

c. Reaction Control (~~~-550-28), and 

d. Environmental Control and E l e c t r i c a l  Power Gener- 

The Descent Propulsion paths a re  a first cut  at  a high 
l e v e l  equipment breakdown and a study at a lower l e v e l  
breakdown i s  i n  grogress. The paths f o r  ECS and EPS 
are  integrated to describe the dependent functions of 
these subsystems. 
define the independent function of the two subsystems. 

and Control and Ascent Propulsion paths. The f e a s i b i l i t y  
f ac to r s  for the other paths l i s ted  above are  i n  progress. 

a t ion  (LED-550-30). 

Additional paths a re  required t o  

2. F e a s i b i l i t y  fac tors  are completed for the  Guidance 

Future e f f o r t s  i n  t h i s  study w i l l  include: 

1. Completion of path analysis  (mission success) f o r  the 
subsystems (Instrumentation, Communications, Structures ,  
EED, e t c . ) .  

Completion of tohe abort  paths (crew safety)  f o r  each 
subsystem f o r  descent and lunar  stay phases. 

Integrat ion of subsystem paths t o  form the t o t a l  
system paths. 

2. 

3. 
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3.5.2 Computer Program 

The main program i s  being modified i n  the following ways:  

1. There w i l l  be an increase i n  the number of equipments 

2. 

which can be handled (from 99 t o  999). 
An cptiozz i s  provided f o r  having the input data on 
cards or  tape. 

I n  addition, another program has been generated fo r  the 
purpose of preparing tapes with r e l i a b i l i t y  data for use 
w i t h  the  main program. As a r e s u l t ,  the  main program i s  
being further modified t o  incorporate changes t o  the data 
tapes (prepared by the s ide program) p r io r  t o  the r e l i a -  
b i l i t y  cdcu la t ions .  

Two data tapes per s e t  of equipments will be used. One 
un i t  w i l l  contain the equipment base failure r a t e ,  phase 
operating time, and phase s t r e s s  factor .  The other  tape 
un i t  w i l l  contain cond i t iond  r e l i a b i l i t i e s  (of swcess- 
f u l l y  completing each phase given operation at  the begin- 
ning of the phase) $or each equipment. 

The main program could conceivably perform the tasks  of 
the s ide program allows f o r  more e f f i c i e n t  use of the main 
program i n  t h a t  l e s s  preparation of input data would be 
required and this gives rise t o  shorter  running times for 
the program. 

3.6 LEM Failure  &de And Effect  Analysis 

3.6.1 General Approakh 

The LEM system and subsystem Fai lure  Mode and Effect  
Analysis (FMEA) w i l l  include a systematic evaluation of 
each subsystem i n  terms of i t s  po ten t i a l  failures and the 
affects of these f a i l u r e s  on the subsystem, the r e s t  of 
the system, and the mission. 
t o  highl ight  design and operational weaknesses (system 
and subsystem), i f  they e x i s t ,  and t o  provide a basis for 
extending the current r e l i a b i l i t y  paths f o r  fu ture  use i n  
trade-off s tudies .  

The purpose of the FMEA i s  
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3.6.1 General Approach (continued) 

This analysis  w i l l  be performed on the  equipment l e v e l  
(e.g., IMU, DECA, RCA Propellant Controls, Ascent Pro- 
pulsion Pressme Controls, e t c .  ) -  
complete and degraded) of each equipment w i l l  be defined 
i n  terms of j.% fr;nctior,s. The function failure modes 
of each equipmmt w i l l  be examined by mission phase i n  
the  following basic  areas: 

The failures (both 

1. 

2. 

3. 

4. 

5. 

Fai lure  Cause 

Possible causes of the  malfunction, i f  known, w i l l  be 
analyzed. The vendor f a i l u r e  e f f e c t  analyses w i l l  be 
u t i l i z e d  i n  t h i s  area. 

Uncompensated Effec ts  On Subsystem A ~ c l  Spacecraft 

Assuming no corrective ac t ion  were i n i t i a t e d  by the  
crew, the  e f f e c t s  of a malfunction w i l l  be examined 
on (a )  the subsystem, ( b )  the other  subsystems, and 
( c )  the  mission, 
supply, propellant supply, for  example, w i l l  have t o  
be considered. 

Fa i lure  Detection Methods 

Exis t ing failure detect ion methods, i f  any, w i l l  be 
indicated f o r  each malfunction. 

In many cases, t r a j e c t o r i e s ,  oliygen 

Compensating Provisions 

The continxe o r  abort  paths avai lable  a f t e r  a mal- 
function w i l l  be analyzed. For both continue and 
abort  paths,  the  areas considered w i l l  include: 
(a )  the  crew act ions t h a t  might be necessary, ( b )  
the  e f f e c t s  on other  subsystems (engine lifetimes, 
propellant avai lable ,  consumable, e t c  . ), (c ) the  
in t e r r e l a t ions  w i t h  the CSM and GOSS, and (d)  change 
and e f f e c t s o n m  and t i m e  from the  nominal p ro f i l e .  

C r i t i c a l i t y  Class 

Each malfunction w i l l  be numerically ranked based on 
(a)  the probabi l i ty  of occurrence, ( b )  time c r i t i c a l i t y ,  
and ( c )  the consequence of the f a i l u r e  i f  uncompensated 
for .  

~ ~~~ 
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3.6.1 General Approach (continged) 

The analysis w i l l ,  i n  addition, allow f o r  a l o g i c d  and 
ef fec t ive  integrat ions of FMEA's on lower levels of 
assembly, m a n y  of which are current ly  being performed by 
LEM sr;bcsntz-actors and vendors under LEM Re l i ab i l i t y  
d i re  c t i tm 

The major uses t o  which the FMEA w i l l  be put i n  consonance 
with the L E M  cmtingency analysis are f o r  evaluating (1) 
LtEM subsystems f o r  compatibility under various failure 
modes and causes, (2)  compatibil i ty between LEM and CSM 
under variozs faipxre conditions, (3) subsystem s iz ing  
(de l t a  V budgets, e r ro r  budget, tank s iz ing,  power re- 
quirements, e t c  o ), (4)  ins t rmenta t ion ,  and displays and 
controls,  ( 5  ) engine l i fe t imes ,  (6 ) subsystem conf igur- 
a t ions,  (7) crew task anaiysis,  (8) defining requirements 
fo r  the  L W  and FMES, and (9) f l i g h t  operational rules 
and procedures 

3.6.2 LEM FMEA Milestone Schedule 

The L E M  Failure Mode and Effect  Analysis (FMEA) milestone 
schedule has been establ ished consis tant  with the major 
dates ofthe L E M  Development Program. 
Effect  Analyses w i l l  be performed on all f l i g h t  equipment 
and integrated in to  system FMEA's f o r  F l igh t  Test k t i c l e s  
( I T A ' S )  and LEM vehicles one through ten. 
noted t h a t  all LEM's w i l l  have e s sen t i a l ly  the  same equip- 
ment configurations as the LEM 10 vehicle,  with the addi- 
t i o n  of a Mission Programer i n  LEM's 1, 2, and 3, and 
other modifications required f o r  t h e i r  individual missions. 
Individual subsystem milestone schedules are not included 
separately since they are all required t o  be updated on 
the milestone dates indicated. 

Fai lure  b d e  and 
- -~ - 

It should be 

Since most LEM equipment i s  subcontracted, equipment level 
FMEA's w i l l  be performed by Grumman's vendors. 
w i l l  perform equipment l e v e l  FMEA's on those i t e m s  it w i l l  
design and manufacture. There i s  then the requirement t o  
in tegra te  the equiFment l e v e l  FMEA's i n to  an over-al l  LEM 
system FMEA. The E ' s  i n  the  attached schedule indicate  

Grumman 
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3.6.2 LEM FMEA Milestone Schedule (continued) 

equipment l e v e l  FMEA's which require review, coordination, 
and d i rec t ion  of vendors, and the S ' s  r e f e r  t o  the LEM 
system l e v e l  FM and EA integrat ion e f fo r t .  Since the LEX 
system l e v e l  FMEA i s  of primary i n t e r e s t  f o r  design evalu- 
a t ion  and t rade-offs  they have been scheduled for  the f o l -  
lowing times: 

S1 - Preliminary Design Freeze (LEM 10) 

S2 - Final  Design Freeze 

S - QJal i f ica t ion  Test Completed (LEM 10)  

S4 - LTA's and E A ' S  Completed (LEM 10) 

S5 - Six Mon-khs Pr ior  t o  Delivery a t  AMR 

s6 - %livery  at AMR 

S - Scheduled F l ight  Dates 

3 

7 

Generally, the equipment l e v e l  FMEA's ( E )  a re  scheduled 
t o  precede each system FMEA (S). As can be seen from the 
schedule, there  i s  an interplay between the information 
gleaned during the program as well as between the LEM's 
themselves. Thus, as far as LEM 10 i s  concerned, f o r  
example, the equipment l e v e l  FM and EA w i l l  r e f l e c t  the 
following considerations : 

El - based on vendor design information and mission 

E2 - based on vendor FM and EA, r e l i a b i l i t y  assurance 
t e s t s ,  and LTA 2 

E based on vendor FM and EA, LTA's 1, 3, 6, 10 and 

E4 based on vendor FM and EA, and LTA's 4, 5, 7, 8, 

plans 

- 
3 qml- i f ica t  ion t e s t s  

- 
9, and m's 1 and 2 

~- 
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3.7 LEM Re l i ab i l i t y  Control Computer Program 

The development schedule of the LEM R e l i a b i l i t y  Computer 
Program (LRCP) was revised during t h i s  quarter  t o  r e f l e c t  
t he  MSC desire  fo r  an operat ional  failure report ing computer 
program with the capabi l i ty  of generating weekly data  tapes  
for MSC. ir accor2mce with the  proced-ural out l ine con- 
ta ined  i n  t h e  LEM Quaxterly R e l i a b i l i t y  Status  Report, dated 
1 
report ing design requirements f o r  the  LRCP and the MSC da t a  
processing requirements as s t a t e d  i n  NASA correspondence 
PRI-23-64-32, PR1-23-64-63, and the  updated amendment t o  
PFZ-23-64-63. 
changes t o  the planned LRCP contents. Xowever, it was  
recogrnized %at the a l t e r a t i o n  of the  program input require- 
ments c o - l d  be accomplished without the major schedule s l i p -  
page a d  la rge  expenditwe of a reprogrammi-effort. 
were made of the possible approaches t o  a rev is ion  of the 
LRCP t o  include the MSC data  items and codes. Some of t h e  
methods considered were: 

1. Duplicate LRCP tapes f o r  t ranspor t  t o  MSC 
2. lkvelop a separate MSC computer program 
3. Translate and transpose from LRCP input da ta  
4. Translate and/or transpose from LRCP cen t r a l  f i l e  
5. Transpose from LRCP inrmt da t a  

1964, a de ta i led  comparison was made of the  f a i l u r e  

The ex i s t ing  variances necessi ta ted many 

Studies 

A presentat ion was made on 1 2  and 13 May 1964 at  which a 
rev ised  LRCP development plan, calculated t o  produce a 
computer program mutually agreeable t o  MSC and GAEC, was 
out l ined f o r  MSC representat ives .  At MSC direct ion,  a 
request  fo r  a contract  change authorizat ion t o  amend the 
LRCP development as presented, with t'ne exception of a 
da t a  tape t ransposi t ion program, was  prepared and submitted. 
Although approval of t h i s  request  has not been received a t  
G M C ,  rev is ion  of the failure report ing computer program 
w a s  undertaken i n  order t o  adhere t o  the development schedule 
described i n  the MSC presentation. Input formats t o  the 
LRCP were changed t o  include elements of da ta  requested by 
MSC and f i e l d  s izes  were adjusted t o  correspond t o  the  re- 
quested coded en t r i e s .  Look-up t ab le s  a l so  were added i n  
order not t o  compomise the  GABC requirement f a r  ~an-cod-ed 
outputs. Transmittal sheets were developed f o r  the f a i l u r e  
report ing,  failure analysis  and correct ive ac t ion  sect ions 
of the  LRCP t o  f a c i l i t a t e  da ta  preparation f o r  the  opera- 
t i o n a l  program t o  shorten the  durat ion of the  program 
checkout period, and t o  serve as permanent records of pro- 
gram transact ions.  Copies of these  t r ansmi t t a l  forms are 
shown i n  Figures 3-7-1, 3-7-2, and 3-7-3. Final ly ,  i n  
compliance with the MSC request  contained i n  NASA corres- 
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3.7 LEM Rel i ab i l i t y  Control Computer Program (continued) 

pondence, NAS 9-1100, PPS-23-64-235, the exact formats of 
GAEC failure data input records, including f i e l d  lengths ,  
and the sequence of records on tape were forwarded t o  MSC. 

EDP a c t i v i t y  has continued concurrently i n  the areas of 
t es t  ident i f ica t ion  and pa r t s  control.  A l imi t ed  vers ion 
of the l a t t e r  presently is undergoing an extensive checkout 
preparatory t o  the submittal  of operat ional  data. Input 
and oatput formats f o r  the t e s t  i den t i f i ca t ion  program have 
been designed and t h i s  sect ion of the LRCP w i l l  be completed 
subsequent t o  the f a i l u r e  report ing assignment. 

The integrated aspects of the  LRCP have been re ta ined  and 
all p a r t s  of the program w i l l  be accessible through any one 
of multiple designations of a unique i t e m .  This will be 
accomplished through a computer rout ine which will equiv- 
alence a limitless number of ex terna l  numbers t o  spec i f i c  
s tored  data en t r i e s .  
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4.0 SUBSYSTEM ERGINEERING 

General 

4.1 

During t h i s  quarterly period e f f o r t  w a s  expended i n  each sub- 
system i n  the  areas of configuration analysis,  f a i l u r e  mode 
and e f f ec t  analysis,  proposal evaluation, review of program 
plans and vendor l i a i son .  Updated r e l i a b i l i t y  estimates are 
presented f o r  t he  propulsion and RCS subsystems. A s  w i l l  be 
noted i n  each subsystem sect ion below, configurations a re  
s t i l l  changing or under study such t h a t  comparison between 
estimated and allocated r e l i a b i l i t i e s  cannot necessar i ly  be 
used as t rend indicators .  

The status of vendor r e l i a b i l i t y  program plans as of July 1, 
1964 i s  shown i n  Table 4.1 below. 

Propulsion Subsystems 

4.1.1 Summary 

During th i s  report  period a study of mission success paths 

formed. 
main propulsion subsystems are  noted i n  Reference (a ) .  Re- 
sults of t h i s  study w i l l  be used t o  f a c i l i t a t e  t h e  computer 
mechanization of subsystem and system r e l i a b i l i t y  estimations.  

--- 
LJLl 

The paths of operation in t e rna l  t o  the  respective 

The main e f f o r t  of subsystem r e l i a b i l i t y  has been directed t o  
a Fai lure  Mode and €Erect Analysis (FMEA) of LEM subsystems, 
including each main propulsion subsystem. The purpose of t h e  
FMEA i s  t o  highlight design and operational weaknesses, i f  
present,  and t o  provide a bas is  f o r  extending the ex is t ing  
r e l i a b i l i t y  paths f o r  fu ture  use i n  trade-off s tudies .  In  
addition, the analysis w i l l  provide f o r  a log ica l  and effec-  
t i v e  integrat ion of FMEA's on subsystem and component l eve l s  
of assembly, t o  accomplish the  intended function of a com- 
p l e t e  LEM FMEA. 

Near the  close of t he  report  period, invest igat ion of t he  
e f f e c t  on subsystem r e l i a b i l i t y  of a proposed configuration 
change f rom ambient t o  supercr i t ica l  helium storage, f o r  the  
main propulsion subsystems, w a s  begun. A report  of inves t i -  
gation results w i l l  be prepared during the  next reporting 
period. 

6 
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4.1.2 Major Effort Anticipated For Next Quarter 

Reliability effort for the next reporting period w i l l  be 
directed toward: 
1. 

2 .  Evaluation of proposed configuration changes and their 

Continuation of a Failure Mode and Effect Analysis of 
the propulsion subsystems. 

effects on the estimated reliability of the affected 
subsystem. 
Revising the reliability estimates of the propulsion 
subsystems to reflect the latest mission profile, as noted 
in Section B. 

3. 

4.1.3 Estimated Reliability Of Current Propulsion Subsystems 

Reliability estimates f o r  the total LEM mission of the 
current subsystem configurations depicted in Reference (a), 
are summarized in Table 4.1.3.1. 

The crew safety estimate was prepared using the following 
assumptions: 

1 .  L . 1 . C  
I L I r n U L I L  uy t2t - ~- 

~~ 

is approximately 1.0. 
Clear pericynthion orbit is attained after a 24 hour 
lunar stay. 

b. 

Reliability estimates for the Bell ascent and Rocketdyne 
descent engines listed in Table 4.1.3.1, were obtained from 
Reference (a). 
engine represents the vendor estimate based on the specifica- 
tion mission rather than the mission profile of Reference (a). 

The reliability estimate for the STL descent 

4.1.4 Discussion 

4+1.4.1 Failire Mode and ECfect Analysis 

The Failure Mode and Effect Analysis (FMEA) of the main pro- 
pulsion subsystems will be incorporated in the FMEA for the 
complete LEM system. Rather than a detailed FMEA for each 
component, to be performed by the respective vendor, groups 
of components that collectively perform intended functions 
are being considered in this analysis. Failure is defined 

~~~ ~~~~ 
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4.1.4.1 

4.1.4.2 

4.1.5 

4.1.5.1 

Fai lure  Mode And Effect Analysis (continued) 

as loss  or degradatio2 of t he  intended function of t h e  com- 
portent group. The e f f ec t  of f a i l u r e s  noted i n  the  subsystem 
FMEA include the  e f f ec t  on the  t o t a l  IlEM mission as w e l l  as 
01 the partic-,,ilar s-13syste.n. Prelimicary results of t h i s  
e f f o r t  w i l l  appear during the  next period. 

Ambient Versus Supercr i t ical  Heli-xn Storage 

A subsystem configuration change of main propulsion pressuri-  
zation from ambient t o  supe rc r i t i ca l  helium storage has been 
proposed t o  e f f e - t  a weight saving for t he  LEM (Reference 
( b ) ) .  
of t he  proposed configuration change w a s  begun near t h e  
close of t he  report  period. 

Investigation of the  e f f e c t  on subsystem r e l i a b i l i t y  

Early r e s u l t s  indicate  an appreciable decrease i n  vehicle  
separation weight and some degradation of subsystem re l i -  
a b i l i t y .  Further study of d i f f e ren t  configurations of equip- 
ment may reveal w a y s  of circumventing the  f a i l u r e  modes of 
t he  supe rc r i t i ca l  helium storage and so decrease t h e  r e l i a b i l -  
i t y  degradation imposed. I n  any event, the  possible  weight 

- 0. .e&,,, + i m o  - 
Cl I u I LAL V I L L I  -LA&" bW "IbutlcI! r-v . 

An account of invest igat ion r e s u l t s  w i l l  be published i n  the  
next report  period. . 
Vendor Status  

Ascent Engine - Bell Aerosystems Company 

The Bel l  Ascent Engine Program Plan (Reference ( c ) )  includ- 
ing t h e  Rel iab i l i ty  Plan submitted by B e l l  Aerosystems 
Company, has not ye t  been approved by GAEC. Comments regard- 
ing t h i s  document were sent t o  BAC l i s t i n g  the  revis ions re- 
quired p r io r  t o  acceptance (Reference (a ) ) .  The Program 
Plar  and Rel iabi l i ty  Plan were a l so  discussed i n  a meeting 
with BAC at GAEC on 13, 1 4  and 15 April  1964. (Reference ( e ) )  
The revised Program Plan (Reference ( f ) )  has been received 
a t  GAEC and i s  presently being reviewed for acceptance. 

The preliminary Rel iab i l i ty  Report (Reference (g) ) has been 
reviewed and found t o  be unacceptable. Comments regarding 
t h i s  report  were prepared (Reference (h ) )  and discussed with 
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4.1.5.1 Ascent Engine - Bell Aerosystems Company (continued) 
BAC at the BAC/GAEC April meeting (Reference (e)). 
report now being revised was expected to be submitted to 
GAEC for review on 15 June 1964. 

The 

4.1.5.2 Descent Engine - Rocketdyne 

The Rocketdyne Descent Engine Program Plan (Reference (j)) 
has been reviewed and is in the process of being formally 
accepted by GAEC. 
(Reference (k)) has been accepted by W C  per Reference (1). 

The Preliminary Reliability Report 

4.1.5.3 Descent Engine - STL 

The STL Descent Engine Program Plan (Reference (m)) and the 
Preliminary Eeliabilitv xeport (zefei-ence (E) ) have Seen 
accepted by GAEC per References (p) and (9) respectively. 

4.1 .6 References 

b. Weight Comparison of Ambient and Supercritical Helium 
Pressurization Systems 
LMO- 490 - 12 4 24 June 1964 GAEC 

c. Program Planning Report No. 8258-910002 
16 September 1963 Bell Aerosystems Company 

d. Comments on Program Planning Report 
LLR-170 154 17 October 1963 GAEC 
( LMO-275-14 16 October 1963) 

e. Meeting with Bell Aerosystems on 13, 14 and 15 April 1964 
LMO- 5 5 O - 2 88 1 m y  1964 GAEC 

f .  Program Planning Report No. 8258-910002(A) 
30 June 1964 Bell Aerosystems Company 

g. Reliability Report No. 8258-932993 
27 November 1963 Bell Aerosystems Company 
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4.1.7 References (continued) 

h .  

\ 

3 .  

k. 

1. 

m. 

n. 

Comments on B e l l  Re l i ab i l i t y  Report 
LLR-170-384 20 March 1964 GAEC 
(LMO-550-197 30 January 1964) 

Rel i ab i l i t y  Program Plan R-5177-1 
1 September 1963 

Preliminary Rel iab i l i ty  Report R-5226-2 
December 1963 Ro eke tdyne 

Approval of R-5226-2 
LTX-170- 690 3 March 1964 GAEC 

Re l i ab i l i t y  Program Plan 8438-6003-~~002 
13 March 1964 STL 

Preliminary Rel iab i l i ty  Report 8438-6084-~~~10 
1 April 1964 STL 

Approval of STL Program Plan 
LMO-272-23 27 April  1964 GAEC 

Ro eke tdyne 

4.2 Reaction Control Sub sys t e m  

The RCS configuration has changed s ince the  last  quarter ly .  
The changes t h a t  have been made are as follows: 

a. The burst  d i sc  and f i l t e r  have been eliminated i n  the  
propellant l i n e s  

b .  

c .  The crossfeed valves have been changed from squibs t o  

The main shut-off valves have been made normally closed 

solenoids. 

Ef for t s  during t h i s  quarter  were directed along t h e  l i n e s  of 
path s tudies ,  configuration s tudies ,  failure mode and e f f ec t  
analysis,  vendor l ia i son ,  and component evaluation. Table 
4.2.1 i s  a summary of t he  estimated and apportioned r e l i a b i l -  
i t y  goals. 
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4.2.2 Ma-ior E f fo r t s  Anticimated i n  Next Q.uarter 

During t h e  next quarter t he  Function Failure Mode and 
Effect  Analysis w i l l  be continued. Measurements w i l l  be 
studied i n  d e t a i l  with a decision t o  e i the r  add or de le t e  
spec i f ic  measurements. A continuing e f f o r t  i n  t h e  updat- 
ing of f a i l u r e  r a t e s  w i l l  continue. Vendor monitoring w i l l  
continue with increased emphssis i n  the  component area. 
Negotiations w i l l  continue on vendor proposals. The 
Marquardt Corporation and the  Bel l  Aerosystems Company w i l l  
be v i s i t e d  f o r  Quarterly Program and Design Reviews. 

4.2.3 Discussion 

4.2.3.1 Path Studies 

The subject studies and r e l a t ed  estimates have been pre- 
pared i n  order t o  further define the  RCS subsystem re l i -  
a b i l i t y .  Essent ia l ly  t h i s  study includes: 

1. An analysis of t he  modes of operation a t  t h e  RCS. 

2. A phase-by-phase breakdown of t h e  mission with respect 
t o  the KCS. ~ 

3. 
4. 

5.  

R€ 

Ground ru les  f o r  t h e  RCS thrusters. 

Generation of r e l i a b i l i t y  models f o r  t he  respective 
phases. 

Equipment r e l i a b i l i t y  estimates f o r  each mission phase 
based upon f a i l u r e  rate data, duty cycle per  phase and 
environmental s t r e s s  fac tors .  

i a b i l i t i e s  have been calculated f o r  each element i n  the  
complete RCS f o r  t h e  t e n  separate mission phases i n  accord- 
ance with reference (a).  

The duty cycle f o r  each t h r u s t  chamber assembly w a s  com- 
puted with duty cycle data provided by a s ingle  engine 
operatlng a t o t s l  of approximately 100 seconds. This 
operating t i m e  i s  considerably less than t h e  t o t a l  operat- 
ing l i f e  of 1000 seconds. 

Reference (b) i s  a formal report  de ta i l ing  the  ground ru l e s  
and estimates used i n  the  path study. 

~~ ~~~ ~ 
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4.2.3.2 Conf igwatic:- Sf-idies 

4.2.3.2.1 Helixm Squib Valves 

In  t h i s  Zase, relial?il i t ,y compared two explosive actuated 
valves with a s ixgle  i n i t i a t o r  i n  each versus a s ingle  
explcsive actuated valve with two (dual)  i n i t i a t o r s .  The 
r e l i a b i l i t y  of tihe fermer i s  .999999 and the  la t te r  ,999998. 

From experience it has been f o m d  t h a t  exposive actuated 
valves have a low probabi l i ty  of f a i l m e .  
t h e  predominan5 f a i lu re  mcde i s  leakage i n  t h e  closed posi- 
t i o n  c-rrce %he vakre has been operated (The leakage i s  across 
the  seat). Zf a valve i s  seated and has not leaked, fa i l -  
we  i s  very -m.likr~Ly u n t i l  it i s  cycled. As can be seen 
from t h i s  d i scuss im,  the  valve and connections a re  highly 
r e l i a b l e  and the  primary area of concern i s  t h e  squib. 

Like all valves 

A s  shown above, t h e  single valve with dual i n i t i a t o r s  shows 
a negl igible  decrease i n  r e l i a b i l i t y .  
o f f  indicates  a weight savings for t h i s  configuration. 

However, weight trade- 

A t  t h i s  time NASA-MSC has decided t o  go with the  or ig ina l  

common usage item with NAA, on the  Service Module. 
n 1 77-  n . . .  . .  

bu ::it>- =r?.gle Y tutnrs! si nrp 1 t, a 

4.2.3.2.2 B u r s t  Disc, F i l t e r  and Main Shut-Off Valve 

This analysis  considered the  poss ib i l i t y  of eliminatin the  
b - u s t  d i s ?  and f i l t e r  downstream of the  propellant tanks and 
keeping the  main shut-off valve normally closed. The re l i -  
a b i l i t y  of t he  propcsed configuration i s  ,999855 as opposed 
t o  .999895 for t he  c a r e n t  configuration. The current con- 
f igura t ion  i s  f o r t y  pa r t s  i n  a mil l ion higher i n  r e l i a b i l i t y  
than the  proposed ccnfiguration. 
ing the  b - i s t  d i sc  and f i l t e r  are: a reduction i n  weight 
of 3.2 dry lb s ,  and a f a i l - x e  i n  the  normally closed main 
l i n e  shut-off valve w i l l  be detected sooner than i n  t he  
c - i r e n t  configuration, 

The advantages of eliminat- 

Based on the  abcve, and t h e  fact, t h a t  t he  normally open TCA 
i s o l a t i c n  valves can be used as a backap i n  case of t he  main 
S / O  valve malfmction, Re l i ab i l i t y  recommended t h a t  t he  pro- 
posed configzcratios be -xed.  
GAEC Project  and the  change i s  i n  progress. 

This has been agreed t o  by 
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4.2.3.3 RCS Re l i ab i l i t y  Input t o  Revised PS/TCA Proposed Specification 

Minor r e l i a b i l i t y  modifications have been incorporated in to  
the  revised specif icat ion i n  t h e  areas of numerical re l i -  
a b i l i t y ,  sa fe ty  and operational p ro f i l e .  A mission p ro f i l e  
f o r  r e l i a b i l i t y  estimates has been included i n  the  spec i f i -  
cation (see Section 3.2 ) .  
f o r  each th rus t e r  w i l l  be supplied a t  a l a t e r  date. 
modifications a re  included i n  Reference e. 

A nominal mission duty cycle 
The 

4.2.4 Vendor Status  

4.2.4.1 Marquardt Corporation 

A s  previously mentioned i n  t h i s  report  propellant burst  
d i sc  and f i l t e r  requirement has been deleted.  
l i n e  shut-off valve w i l l  be a comon usage item along with 
the  ascent interconnect valve. Also, t he  crossfeed valves 
a re  now solenoids and are  common usage items with both the 
ascent interconnect and main l i n e  S/O valve with GAEC 
having primary responsibi l i ty .  

The N/C main 

_ _ ~  E l l  1t-n 11s. A n d a l i t y  . .  
ranking f o r  t he  S/M qual. engine design. 

It i s  expected t h a t  GAEC r e l i a b i l i t y  personnel will v i s i t  
TMC t h i s  quarter on quarter ly  program s ta tus ,  design 
revis ions and technical coordination meetings with associ- 
ate vendors. 

The revised program plan and r e l i a b i l i t y  reports  have not 
been received. They are  expected t h i s  coming quarter.  

4.2.4.2 Bel l  Aerosystems Company 

A t  t he  present t i m e ,  NAA favors a single-ply bladder design 
i n  place of t h e  three-ply bladder. B e l l  had previously 
showed i n  t h e i r  service mo&CLe tankage subsystem proposal 
a failure r a t e  of 13000 x 10-6 per expulsion cycle f o r  
single-ply te f lon  bladder and speculated on a f a i l u r e  rate 
of 100 x 10-6, per expulsion cycle f o r  a three-ply t e f lon  
bladder which would be acceptable. The f igure  of 13000 x 
10-6 would completely dominate the  r e l i a b i l i t y  of the tank- 
age subsystem while 100 x 
t h e  analysis of t he  tankage subsystem (GAEC tank specif ica-  
t i o n  indicates  t h a t  a f a i l u r e  r a t e  of 500 x i s  accept- 
ab le ) .  

would not cause a change i n  

REPORT Le-550-6 
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4.2.4.2 Bell  Aerosystems Company (continued) 

Bel l  has concluded tha t  t he  bladder contributes 99.93% of 
the  tank m r e l i a b i l i t y  (see Reference (d) )  . 
A problem Bel l  has been eneo-mtering i s  r e l a t ed  t o  t he  
t e f lon  mater id  used i n  the  bladders. 
charac te r i s t ics  (above 26 p s i  vapor pressure) of t h e  
t e f lon  permits t he  N204 vapor t o  penetrate t he  inner-ply 
of t he  bladder. 
two inner-plys thereby precluding 100% expulsion of pro- 
pe l l an t .  

Permeability 

This causes gaseous rtpockets" between t h e  

The Program Plan i s  expected t h i s  coming quarter .  

4.2.5 Vendor Proposal Evaluations and Negotiations 

Table 4.2.2 i s  a l i s t i n g  of t h e  s t a t u s  of lower t i e r  RCS 
vendors responsible t o  GAEC. As can be seen from the  dates  
no documentation has been received t h i s  quarter .  

Refer en c e s 

a. 

- ~ ~ _ _ _ _ _ ~  
4.2.6 ~- 

Memorandum (informal) ,  Subsystem Re l i ab i l i t y  Estimation 
dated 27 March 1964. 

b. LED-550-28, "RCS Re l i ab i l i t y  Ground Rules and E s t i m a t e s  
f o r  Success Path Study" dated 25 May 1964. 

c .  UIO-550-281, "Rel iabi l i ty  Input t o  Revised PS/TCA Pro- 
posed Specification" dated 27 April  1964. 

d. B e l l  Let ter  8:32:4:0608-1 TJC, "Model 8339 - LEM RCS 
Tank Program" dated 8 June 1964. 

- ~~ 
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TABLE 4.2.2 

VENDOR STATX SUMMARY 

Vendor 

Elec t rada  Corporatio 
A i r i t e  Division 

Pax-ker Ai rcraf t  
ComparUr 

Giannini 

Sax-gent/Fletcher 

PELMEC 

Parker Ai rcraf t  
Company 

Z. C. Carter 

Contract NAS 9-llO( 
Primary NO. 760 

Component 

Ielium Tank 

Ielium F i l t e r  

auad Check Valve 

Ie l  ium Disconnect 
:o up1 ing s 

?ropellant Latch 
Cype Solenoid Valve 

?Cg.;:ator: ___ 
[Helium Presswriza- 
tion - 2 Stage) 

?ropel l  ant  Quantity 
;aging System 

leiium Latch Type 
jolenoid Valve 

kp los ive  Squibs 
( H e 1  ium ) 

1s cent I n t e r  c onne c t 
Zrossfeed Valves 

Zoupiing - F i l l  
Drain and Service 

roposal Evaluation 

Completed 3/5/64 

Completed 4/23/64 

Completed 6/1/64 

Completed 6/2/64 

Completed 3/18/64 

*- 
Completed 5/5/64 

Completed 6/3/64 

Completed 4/22/64 

Completed 3/15/64 

Completed 3/20/64 

GRUM M A N  At RCR AFT E N  GI NEERING CORPORATION 

iegotiations Status  

:Technical Aspects 

:onrpleted 5/7/64 
O d Y  1 

Po Be Negotiated 
7/5/64 

:ample t e d  6/26/64 

Jompleted 7/2/64 

hrnple t e d  6/14/64 

)pen - Not 
:ompleted 

Zompleted 6/24/64 

Eo Be Negotiated 
7/13/64 

Zompleted 5/10/64 

Zompleted 6/15/64 

LPR- 5 5 0- b 
1 August 1964 



4.3 Electronic Packaging 

Throughout t h i s  repor t  period, the l a rges t  r e l i a b i l i t y  e f f o r t  
has been i n  the area of technical  monitoring and assis tance.  
This has been accomplished through the  mediums of: 

1. Review of and comment, on documentation, e .g . ,  proposals, 
packaging s tudies  and reports .  

2. Attendance a t  packaging presentations and technical  
coordination meetings. 

Other e f f o r t  was expended i n  the following areas: 

1. Further coordination with Francis Associates t o  make the 

2. 

ERA t e s t  model more representat ive.  

Contributions t o  a t e s t  plan f o r  the evaluat ion of the 
s p l i t  p in  wire wrap connection and i t s  associated coating 
and the determination of the number of permissible rewraps 
before degradation of the connection. 

the s p l i t  p in  wire wrap connection. 
3. Contributions t o  the formulation of a humidity t e s t  of 

4.3.1 Technical Monitoring And Assistance Areas 

A number of equipment designs have advanced t o  the point  where 
considerable progress has occurred i n  packaging. This sect ion 
of the repor t  w i l l  give noteworthy packaging information on 
a spec i f ic  equipment basis. 

__ 

4.3.1.1 LEM Radars 

A meeting was held at  GAEC on 13 April  1964 t o  discuss Radar 
Packaging Concepts (see Reference (a)) .  RCA presented a 
configuration which s h a l l  hereaf te r  be r e fe r r ed  t o  as the 
segmental design approach. Br ie f ly ,  t h i s  design was composed 
of modular sections held together w i t h  four  long skewer b o l t s .  
This was  proffered by RCA i n  l i e u  of the approach i n  the 
GAEC Electronic  Packaging Specif icat ion,  LSP-360-002. 
pointed ogt  severzl  undesirable f e a t w e s  of a segmented design 
t o  RCA and requested RCA t o  study it more carefu l ly .  They 
were a l so  requested t o  make a thorough quant i ta t ive analysis  
and d i r e c t l y  compare the two designs. 

GAEC 
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k.3.1.1 WM Radars (continued) 

On 4 June 1964 RCA made a LEM radar  packaging presentat ion 
t o  GAEC a t  Bethpage, New York (see Reference (b ) ) .  
t i m e  RCA presented the segmental approach i n  more d e t a i l .  
N e x t ,  they went i n to  a descr ipt ion of t h e i r  proposed in t e rna l  
e lec t ronic  subassembly packaging design. This i s  a marked 
deviation fnom the specif ied methods i n  LSP-360-002. RCA 
r e fe r r ed  t o  the method of assembly as a s ingle  web, center  
p l a t e  cordwood design. The center p la te  was  d r i l l e d  t o  hold 
the p i e c e - p a t s  which were mounted d i r e c t l y  through the p l a t e .  
The p l a t e  was used t o  immobilize the p a r t s  and provide heat 
sinking. A minimal circumferential  conformal coat was applied 
between p l a t e  and par t .  Component interconnections were 
accomplished by pr inted c i r c u i t  boards. 

A t  t h i s  

A t  t h i s  t i m e  the fcllowing main r e l i a b i l i t y  objections were 
presented t o  RCA. 

A. Against The Segmental Design 

1. Inherently during handling and assembly there  are 
occasions when t h i s  design can bow, thus,  s t ress ing  
in t e rna l  connections. 

2. Chafing of the metal forces  of segments could create  

3. 

4. 

5. 

6. 

Vibration of the edges of the segmented flanges could 
scar  the cold p la te  dirupt ing e f f i c i e n t  heat removal. 

Thermal excursions could cause the skewers t o  y i e l d  
w i t h  a r e su l t an t  chat ter ing of the segments under 
vibrat ion.  This could embarass connections and a l so  
cause EMI problems. 

During assembly and maintenance act ions the segments 
can splaq upon removal of the skewer compression. 
To a f f e c t  removal of a segment the segments on e i t h e r  
s ide must be spread. Both of these actions put stress 
on the w i r e  wrap connection. Undue exercis ing of the 
EMI gasketing a l so  occurs. 

The segmental design w i l l  not readi ly  lend i tself  t o  
sea l ing  i f  this becomes advisable. 



4.3.1.1 m M  Radars (continued) 

B. Against The Center F la te  Cordwood Assembly 

1. 

2. 

3 .  

4. 

5. 

Parts held i n  the holes of a mta l  web are  subject 
t o  gu i l l a t in ing  under thermal excursions i f  clearance 
i s  rest-icTed. lif s h o d ?  be no5ed t h a t  e f f i c i e n t  
heat removal requires  a close f i t .  Oversize p a r t s  
would aggravate t h i s  s i t ua t ion .  

This technique does not lend i t s e l f  t o  inspection 
f o r  completzness of the coating. 
could r e su l t  i n  thermal overstressing of the associated 

If  t r a n s i s t o r s  are  loca+,ed inside the s tack it might 
be impossible t o  heat s ink them during soldering 
operations.  * 
The majority of heat generating components dump 
t h e i r  h e a t  most r ead i ly  through t h e i r  leads.  There- 
fore ,  t h i s  design could be improved by adding encap- 
su lan t  or wrapping f o i l  around the component c r i t i c a l  
bodies . 
This design compromises dense packaging. It should 
be remembered t h a t  as component densi ty  increses 
the  web metal descreses. 
e f f ic iency  decreases ., 

(Incomplete coating 

p a t  I ) 

This means heat  sinking 

Other objectionable features  i n  other  engineering areas  were 
pointed out t o  RCA so t h a t  they were asked by GAEC t o  abandon 
the segmental approach anddop t  a continuous outside case 
w a l l  f o r  the ERA. They were also requested t o  remove the  
objectionable features  of  t h e i r  subassembly design. 

4.3.1.1.1 Landing Radar 

I n  addi t ion t o  the preceding shortcomings the landing radar  
i s  not mounted on cold p l a t e  ra i ls .  Thus, it has an aggravated 
thermal problem. It f a l l s  i n t o  the category of  thermal pack- 
aging f o r  t r ans i en t  operation. 
c i t y )  should be around c r i t i c a l  heat generatixii mmpments. 
This i s  lacking i n  the present center  p l a t e  cordwood sub- 
assembly. Actually, t h i s  design should be adjusted so  t h a t  
each component approaches i t s  maximum operating temperature 
simultaneously. I n  t h i s  way no s ingle  thermally overstressed 
component would be a po ten t i a l  ea r ly  f a i l u r e  which could pre- 
maturely remove the landing radar  from service.  

As  such, mass (thermal capa- 
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4.3.1.2 Carbon Dioxide Sensor 

The Perkin-Elmer Corporation has submitted a proposal f o r  
t h i s  un i t  (see Reference ( c ) ) .  
t h a t  they intend t o  me s o l i d  conductor wire fcr intercon- 
nections wi+,ho7jj+, encapsdlation support. If possible,  th'is 
should be avcidecl and al5ernate desigos w i l l  be explored with 
Perkin-Elmer d?lring negGtiations . 

From the proposal, it appears 

4.3.1.3 Control Coupler Assembly 

A s iz ing  estimate,  dated 21 May 1964, was  prepared on t h i s  un i t  
by Francis Associates. It was  estimated the u n i t  would con- 
t a i n  grea te r  than 125 c r y s t a l  can relays. 
b i l i t y  exercises  and monitoring w i l l  be required i n  the r e l ay  
area alone. Considerable d i g i t a l  c i r c u i t r y  w i l l  make up t h i s  
un i t .  It would appear t h a t  some weight, power and r e l i a b i l i t y  
gains could be made by using integrated c i r c u i t s  f o r  the logic  
functions.  Due t o  the probably high densi ty  packaging of the 
log ic ,  it i s  possible f o r  heat t o  stagnate f o r  these devices. 
This should be accounted f o r  i n  the design. Fan-in and fan- 
out  derat ing should be a consideration. 

Considerable r e l i a -  

4.3.1.4 Communication 

A packaging study has been prepared by RCA f o r  the comuni- 
ca t ion  equipment (see Reference (d ) ) .  

The questionable r e l i a b i l i t y  fea tures  of the RCA approach are 
given i n  References ( e )  and ( f ) .  
given below. 

1. Use s p l i t  p in  wire wrap r a the r  than separated pins .  This 
would avoid t h e  use of s o l i d  conductor w i r e ,  reduce the 
ndmber of connections by one ha l f  and use a technique 
evaluated by E X .  

2. The RCA method of p in  block mounting c rea tes  "pocketsott 
These can c c l l e c t  dust ,  debris  and t r a p  moisture. They 
should be eliminated by f lu sh  mounting. 

3. The wiring harness should have compliance loops for s t r a i n  

4. 

5. RCA ind ica tes  tha t  the diplexers w i l l  be mounted t o  the 

The most urgent items are 

and v ibra t ion  relief.  

RCA i s  suggesting the  use of r i g h t  angle coaxial  connectors. 
These should be avoided by a l t e rna te  designs. 

ERA case and not t o  the  cold p l a t e .  They should inves t i -  
gate cold p l a t e  mounting i n  order t o  avoid a possible de- 
tuning problem resu l t ing  from dimensional changes during 
la rge  thermal excursions. 
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4.3.1.4 Communication (continued) 

6. I n  the referenced packaging s t u d y ,  RCA indicated a 
necessi ty  t o  t es t  f o r  multipacting. I n  recent  coordi- 
nat ion meetings they have not given any plans t o  obviate 
the  occurrence cf multipacting. They a l so  have indicated 
nc p l m s  30 do radioactive initia5oY.y exploratory t e s t i n g  
f o r  it. 

RCA has not given any d e t a i l s  f o r  the packaging of the 
e lec t ronic  subassemblies. 

7. 

4.3.2 Evaluation O f  Split; Pin Wire Wrap 

On 3 June 1964 an engineering team from MSC v i s i t e d  G M C  f o r  
the purpose of discussing MSC's t es t  plan f o r  evaluating 
s p l i t  p in  w i r e  wrap. 
w a s  reviewed and coments from GAEC were favorably received 
and incorporated i n t o  the plan a t  appropriate places.  

I n  a working meeting the e n t i r e  plan 

This plan w i l l  r igorously t e s t  both s p l i t  p in  w i r e  wrap 
and the coating used i n  the t e s t  model. 

The t e s t i n g  w i l l  be quite comprehensive. 
i n  pa r t i cu la r ,  t h a t  a dynamic d e l t a  res i s tance  ( e l e c t r i c a l  
noise)  check w i l l  be done following groups of spec i f ied  
rewraps. The coating w i l l  be checked by humidity and leak- 
age tes t s  after environmental exposures. Groups of w i r e  
wraps w i l l  be rewrapped i n  progressively higher quant i t ies .  
This w i l l  help determine the number of rewraps possible 
before e l e c t r i c a l  degradation of the connection. Testing 
i s  expected t o  begin i n  October of 1964. 

It should be noted, 

4.3.3 High Humidity Testing 

No idea l  coating for the w i r e  wrap has been located as yet .  
A Gruman in t e rna l  t e s t  i s  being conducted t o  determine 
humidity e f f e c t s  on a sample of wire wrap (see Reference 
( g ) ) .  This w i l l  be run without and with several  coatings. 
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4.3.4 Reference L i s t  

(a1 Minutes of Technical Coordination Weting,  LMM- 
372-14, GAEC, Dated 13 April 1964 

Minutes of  Technical Coordination Meeting Between 
GAEC and RCA, LMM-370-20, GAEC, Dated 4 June 1964 

Sensor, Carbon Dioxide P a s t i a l  Pressure, Report 
No. 7642, Perkin-Elmer, Norwalk, Connecticut, Dated 
30 March 1964 

(b 1 

(c 1 

(a> Packaging Study, Communication Subsystem, Dated 11 
May 1964, RCA 

Arleth, J., Re l i ab i l i t y  Comments on RCA Communica- 
t ions  Packaging Study, Lm-550-322, Dated 9 June 
1964 

(e 1 

Arleth, J., Re l i ab i l i t y  Comments on RCA Communica- 
t i o n  Subsystem Monthly Status  Report of 30 April 
1964, LMO-550-315, GAEC, Dated 1 June 1964 

( f )  

(g1 GAEC Test Request by A. Shreeves and J. Albonese, 
No. 10240-687-027, Dated 24 June 1964 
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e 4.4 

4.4.1 

Guidance And Control 

S -mary  

During t h i s  report  period, t he  following r e l i a b i l i t y  e f f o r t  
has been expended i n  the  Guidance and Control area.  A s  
delineated i n  the  las t  quarter ly  report  t he  amalgamation, 
of t he  Navigation and Guidance subsystem and t h e  S tab i l iza-  
t i o n  and Control subsystem has been continued because of 
t h e i r  close interdependence. 
spec i f ica l ly  investigated and the  associated documentation 
are outlined as follows: 

Those areas which were 

4.4.1.1 Primary Guidance and Navigation Section I 
a.  Updating a l te rna te  path study f o r  determination of 

mission success for t he  guidance and control f-miction, 
LMO-550-319. 
Review, comment and approval of following GAEC/MIT 
IcD's: 

b. 

. LE-300-10001 

. L1S-300-10005 . ~1~-370-10006 

. US-540-10003 . L1S-540-10004 
e. Review of the  technical  documentation submitted by IBM 

on the  Triple Modular Redundant Computer. 

d. I n i t i a t e d  Failure Mode and Effect  Analysis. 

e .  Review of LEM Top Specification, LMO-540-248 
f .  Review of following AC Spark Plug documentation: 

. Quarterly Re l i ab i l i t y  Progress Report, (Jan., Feb . , 

. . 

. 

I 
Mar., 1964) 
Monthly Rel iab i l i ty  Progress Report (Jan. 1964) 
Monthly Rel iab i l i ty  Progress Report (Feb. 1964) 
Monthly Re l i ab i l i t y  Progress Report (Apr. 1964) 

4.4.1.2 Rendezvous Radar and Landing Radar Section 

a. Review of and comment on the  following RCA/man docu- 
ment a t  ion : 

. LMR-(P)-3100-5, March Monthly Status Report 
LMO- 5 5 O - 3 08 

L 
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4.4.1.2 Rendezvous Radar and Landing Radar Section (continued) 

a. 

b. 

C .  

a. 

e .  

f .  

g *  

h.  

i. 

J .  

(cont imed)  

. 

. 

. 

. 

. . 
R e l b b i l i t y  comments t o  RCA l e t t e r  LCC-ASD- (P)-32OO, 
5100-470, dated 14  May 1964. 
t h e  Rel iab i l i ty  Data List of Feh, 1964, LMO-550-312. 

Par t ic ipat ion i n  April  Monthly Radar Technical. Staff  
Meeting No. 1, GAEC/RCA, LMM 372-11, LMO-372-182. 

Par t ic ipa t ion  i n  May Monthly Radar Technical. Staff  
Meeting No. 2, GAEC/RCA, LMM-372-18, 1x0-372-182. 

Par t ic ipat ion i n  Re l i ab i l i t y  Meeting with RCA, June 
16, 1964, t o  discuss Rel iab i l i ty  Data L i s t s ,  Derating 
Policy, Par t s  Service Temperature, Acceptable Pa r t s  
L i s t  and F a i l w e  Rates, LMM-180-229. 

I n i t i a t e d  Fai lure  Mode and Effect  Analysis f o r  t he  radar 
section. 

Re l i ab i l i t y  estimates of measurable functions on t h e  
Radar's F l igh t  Measurement L i s t .  

Review and comment; of Radar Subsystem t e s t  log ic .  

Radar in te r face  c i r c u i t  r e l i a b i l i t y  evaluation, 

Submitted inputs and/or revisions to the  following 
specif icat ions:  

. Microwave Switch used i n  t h e  X-Band Transponder 
Antenna Assembly, LMO-550-325 . Indicator,  Alti tude and Range . Landing and Rendezvous Radar 

. Cross P o i n t s  Meters. 

LM- (~)-3100-6, April Monthly Status  Report, 
LV 5- 5 5G- 3 50 
LQR-(P)-3100-1, March Quarter ly  Design Report, 
mc-550-276 
LESP-(B)-3600, L;EM Specification for Landing Radar, 

LTM-(B)-3200-5, RCA Orbit Circular izat ion Trade-off 
Stadies,  LMO-550-309. 
Rel iab i l i ty  Data L i s t ,  dated 1 5  May 1964, LMO-550-329 
Ryan Report No.  53969-3, Landing Radar Extended 
Capability Study, dated 27 April  1964. 

LMO-550-278 

This l e t t e r  per ta ins  t o  

LMO-550-303- 

ont rac t  No. NAS 9 -1100 REPORT LPR-550-6 
Primary No. 760 DATE 1 August 1964 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
~~ ~~ ~~ 



4.4.1.3 Abort Guidance Se :%ion 

a. Submitted inpJ-5 and/or revision to the Abort Programmer 
Specif icatioi. 

Participa'ced iur $he evaluation of the ARA proposals. b. 

4.4.1.4 Control Electronics Section 

a. Completed config-nation analysis of PNGS/SCS interface 

Completed configuration analysis of AC/TC limit switch 

Conple-f;ed configuration analysis of different ATCA 
modulator a, LMO- 5 5 0 - 272 
Reviewed the GDA and ATCA program plans. 
Completed Reliability documentation submittal mile- 
stone charts for RGA and ATCA. 
Completed the Reliability estimates of measurable 
functions on SCS Flight Measurement List. 
Started Failure Mode and Effect Analysis. 
Reviewed and commented on the SCS test logic 
Determined the new SCS operating times using updated 
mission profile which is predicated on NASA TWX 
Review the following vendor proposals. 
. Gimbal Drive Actuator . 
. Attitude Indicator and GASTA . Thrust; to Weight Ratio Indicator . Cross Pointer Meters 

Submitted inputs and/or revisions to the following 
specifications: 
. Gimbal Drive Assembly, 1240-550-263 . Attitude Indicator and GASTA, LAV-550-40 
. Attitzde Controller 

LMO- 5 5 0 - 3 0 L 
b. 

M C -  5 50 - 314 
c .  

d. 

e. 

f. 

g. 
h. 
i. 

j .  

Attitude and Translation Control Assembly 

k. 

4.4.1.5 LEM Mission Programmer Section 

a. Configuration analysis of implementing the test 
function on lLrmanned LEM's, LMO-550-331 
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4.4.1.5 LEM Missicn Prograxmer Section (contimed) 

b. Reviewed verdor reliability data on programmed tape 
reader assemblies. 
Provided reliability input to the NASA Mission Pro- 
grammer presentation. 

Submitted inputs to the following specifications 
. Decoder Assembly - eqxipment deleted 
. Timer Assembly - eq~pment deleted . Control Coupler Assembly . Program Reader Assembly 

e. 

d. 

4.4.2 Major Effort Anticipated f o r  Next Report Period 

During the forthcoming quarterly report period, as the 
final design cor~epts, of the electronic and electro- 
mechanical assemblies associated with the various sections 
of the Guidance and Control system, specifically the 
Radars, Abort G-Ldance, Control Electronics and Mission 
Programmer, become firmly established, it is anticipated 
that considerable reliability participation will be re- 
quired. 
tasks : 

This shall include as a minimwn the following 

a. 
b. 

C. 

a. 

e. 

f. 

g *  

Evaluation of interim and final design configurations 
Continue participation in the preparation and review 
of Performance Specifications and Vendor Requirements 
for those equipments which will be installed in all 
of the LEN vehicles. 
Review of proposals and participation in vendor nego- 
tiations. 
Liaison with vendors on the appropriate reliability 
models for the equipment and updating of the reliabil- 
ity estimates as the mission profile, part population 
and applicable failure rates become more clearly 
defined . 
Review of' vendor documentation (viz. Program Plan, 
Monthly Status Reports, Failure Mode and Effect Analysis 
etc.) 
Perform independent configuration and circuit analysis 
when required. 

The continuation of a failure mode and effect analysis 
on those assemblies which have completed the initial 
conceptual design phase. 
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4.4.2 

4.4.3 

Major Effor t  Anticipated f o r  Next Report Period (continued) 

In  addition t o  the general r e l i a b i l i t y  tasks  indicated 
above, the  following spec i f ic  areas of e f f o r t  w i l l  be 
accomplished: 

a. 

b .  

C .  

a. 

e. 

f. 

g -  

Continued l i a i son  with MIT and RCA on the  Mission 
Success and Crew Safety Models f o r  the  PNGS and Radar 
Sections, respectively.  

Continued review of MIT, AC Spark Plug and RCA docu- 
mentation. 

Continued review of MIT/GAEC Interface Control DOCU- 

ment s . 
Continue l i a i son  with RCA on applicable f a i l u r e  rates 
for thPi r  equipment. 

Assist i n  the development of t h e  LEM Mission Programmer 
LAV-250-130 

Provide r e l i a b i l i t y  input t o  Control Coupler Assembly 
(CCA) proposal and perform r e l i a b i l i t y  tasks  delineated 
i n  CCA Vendor Requirements. 

Continue the  r e l i a b i l i t y  evaluation of IBM's TMR 
Computer. 

Discussion 

I n  support of the respective subsystem groups, which are 
included i n  the  Guidance and Control area (Guidance and 
Navigation Subsystem, S tab i l iza t ion  and Control Szbsystem, 
F l igh t  Controls Subsystem), t he re  has been a considerable 
amount of c i r cu i t  and configuration analysis,  proposal 
evaluation and documentation reviews during t h i s  pas t  
quarter .  The following paragraphs w i l l  b r i e f l y  discuss  
the  areas which are  outlined i n  Sections 4.4.1.1 through 
4.4.1.5. 

The a l te rna te  paths, f o r  t he  determination of mission 
success for t he  over-al l  system guidance and coiltrol 
function, was revised i n  LMO-550-319 while a preliminary 
estimate of t he  f e a s i b i l i t y  f ac to r  for each path w a s  a l so  
included. This study will be continually updated as re- 
quired and new information becomes avai lable  concerning 
the  Guidance and Control area. 

a' 
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4.4.3 D i  s :us s i  on ( ,?cnti n-ied ) 

The GAEC/MIT Interfaze Contrcl Documents were reviewed and 
commented cpo~i, t o  i x x e  the  c o q a t i b i l i t y  of the subject 
documents with the  perfomaxze and r e l i a b i l i t y  goals of 
%he LEX vehigde. 

A review and r e l i a b i l i t y  eva l -a t ion  of IBM's Triple  
Modular Redundant h n p u t e r  w a s  is,itLated i n  t h i s  quarter  
and w i l l  continue i g t o  the  next T a r t e r .  A t r i p  w a s  
made to IBM Federal Systems Division, to discuss the  
mechanization, packaging, operation and p a r t s  population 
of t he  TYR f o r  possible cox ide ra t ion  on t h e  LEM program. 

The F a i l - a e  Mode and E f f 2 - t  Analysis has been i n i t i a t e d  
on all equipments which have completed i n i t i a l  design i n  
the  QJidance and Control area. The FMEA w i l l  h ighl ight  
design and operational weaknesses, inherent i n  the par t ic -  
ular equipment design, and w i l l  provide an improved under- 
standing, of t he  eq-uipments mechanization and operation. 

Those parameters i n  t h e  G and C subsystems which a re  
presently considered f o r  monitoring purposes e i the r  by 
GOSS or by t h e  astronaut were reviewed and ranked f o r  
c r i t i c a l i t y  as re f lec ted  with d;le consideration t o  mission 
success and crew safety.  The r e l i a b i l i t y  of t he  d i sc re t e  
functions were a l so  provided, to determine i f  a pa r t i cu la r  
function must be necessar i ly  monitored or i s  r e l i a b l e  
enozgh so  t h a t  the  measuement of t h a t  pa r t i cu la r  function 
can be eliminated, without compromising the  vehicle re l i -  
a b i l i t y  goals.  

The t e s t  l og ic  f o r  t he  complete GLdance and Navigation, 
S tab i l iza t ion  and Control subsystems were reviewed and 
per t inent  comments were s-Amitted t o  the  Re l i ab i l i t y  
Assurance Group. In  par t icu lar ,  the  tes t  p ro f i l e s  were 
scrut inized f o r  end t o  end t e s t i n g  and log ica l  order of 
t e s t  performance. 

A configuration analysis  (LMO-550-303) 
alternate radar in te r face  c i r cu i t s ,  w a s  completed. 
computations indicate  the  r e l i a b i l i t y ,  of these c i r c u i t s  
are almost equal and the  decision as to which one should 
be employed, sho-dd be based. on performance considerations. 

considering three  
The 

A comparison of two a l t e rna te  ccnfig-wations of PNGS/SCS 
in te r face  (LMO-550-304) were analyzed: o le  i r t i l i z ing  a 
102.4Kpps s ignal ,  t he  other u t i l i z i n g  a DC s ignal .  
r e s u l t s  show, t h a t  t he  102.4Kpps s ignal  in te r face  f a i l u r e  
rate i s  5 times the  DC signal in te r face  f a i l u r e  r a t e .  

The 
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4.4.3 

4.4.4 

Discussion (contin-;led) 

A study was performed (LMC-550-314) t o  determine t h e  pre- 
ferred configuration of l i m i t  switches f o r  t h e  Att i tude 
and Thrust Coztrollers.  The stZ;Ldy invest igated several  
:onfigurdticis m d  recmmr,ded t h e  use of micro switches 
i n  conjunction with t r ans i s to r  gates because of r e l i a b i l i t y  
considerations and the  associated low power drain.  

Several d i f f e ren t  ATCA modulator configurations (LMO-550-272) 
were investigated t o  determine which i s  more r e l i ab le .  
O f  t he  modulators analyzed, only the  "On-Off" type improves 
r e l i a b i l i t y  but degrades the  vehicle  performance through 
increased f u e l  expendit-;re. 

Considerable e f f o r t  w a s  expended during t h i s  quarter,  on 
the  LEM Mission Programmer. A study (LM0-550-331), com- 
paring two methods of performing t h e  t e s t  program function 
on the  unmanned LEN'S w a s  completed. The r e s u l t s  showed, 
t h a t  employing a tape reader as a backup, did increase 
the r e l i a b i l i t y  but no indicat ion can be given i f  t h i s  
increase i s  necessary, since overa l l  vehicle  mission success 
goals have not been established f o r  t h e  unmanned LENS. 
Tape reader r e l i a b i l i t y  data from Tally, Fairchi ld ,  and 
Honeywell w a s  reviewed since a tape reader i s  being con- 
sidered f o r  t h e  un?lanned LZMs. Re l i ab i l i t y  inputs were 
a l so  generated f o r  a presentation t o  NASA on t h e  function, 
t e s t  requirements and hardware f o r  t he  LEN Mission Programmer. 

The performance specif icat ions,  f o r  all G&C equipment were 
updated, t o  r e f l e c t  the  latest  mission p ro f i l e s  f o r  re l i -  
a b i l i t y  estimates and t o  change those r e l i a b i l i t y  apportion- 
ment where necessam Re l i ab i l i t y  inputs were also provided 
f o r  new performance specif icat ions.  

A major portion, of t he  e f f o r t  i n  t h e  Guidance and Control 
section, w a s  devoted t o  reviewing vendor documentation 
and proposals, vendor contract  negotiations,  completing 
equipment milestone charts  and par t ic ipa t ion  i n  r e l i a b i l -  
i t y  meetings w i t h  various subcontractors. A l l  avai lable  
r e l i a b i l i t y  comments, t o  these tasks ,  a re  found i n  t h e  
GAEC memos delineated above. 

Vendor Status  

A t  t h e  end of t h i s  report  period, t he  equipments t h a t  are  
under contract  f o r  t h e  G-lidance and Control Subsystem are:  

a. Rendezvous Radar/Transponder and Landing Radar - RCA 
Burlington, Massachusetts 
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4.4.4 

4.5 

4 .5 .1  

4.5.1.1 

Vendor Statqis ( -.ont,iried) 

b.  Rate Gyro Assemtly, GF-rzral Precisicr, Izns$r-ment, Kearfott 

c .  Atti tude and Tramiat iox Yor t rc i  Asaenbiy, RCA, Burlington, 

d .  Thrx ;  t;: Wrighx F.a%io I I d i c a k r ,  Eendix, Pioneer-Central 

e .  Gimbal Drive Actiiator, Garrett ,  Los Angeles, California.  

Division, L i t%le  F a i l s ,  new Jersey. 

Massach-x?tts. 

Divisioc. 

Communications S-Lb sys t em 

During t h i s  report  period, t he  eomunication r e l i a b i l i t y  
e f f o r t  has been extended i n t o  monitoring, ccordination and 
d i rec t ion  of t he  veQdor e f f o r t .  I n  addition, e f f o r t  has con- 
t inued i n  the  G r m a n  inhome antenna and transmission system 
area.  

Vendor Status  

Documentation Review ETfort 

In  t h i s  period considerable e f f o r t  w a s  expended reviewing RCA 
documentation regarding t h e  design and negotiations f o r  t he  
comunications system. 

Those documents which were reviewed and the  associated comment 
documents along with a s - m a r y  o r  philosophy where noteworthy, 
follow : 

a. 

b. 

C .  

LESP- (P)-4130A, LEM Equipment Spe-ification, Specif ic  Re- 
quirements f o r  S-Band Transzeiver Subassembly, 6 May 1964 
RCA. Amendment #1 t o  LESP-(P)-413OA, 8 May 1964, RCA. 
Exceptions and understandings t o  USP- (P) -4130A as amended, 
and Doc-aments referenced therein,  7 May ig64, RCA. Comments 
are i n  LAV-381-18, E. Gr i f f in  and N. Darch, 4 June 1964, 
GAEC . 
LESP- (P)-4140, LEM Equipment Specification, Specific Re- 
quiremerlts f o r  S-Band Power Amplifier Subassembly, 30 
March 1964 RCA. Comments were made i n  Re l i ab i l i t y  comments 
t o  IZ,SP-(PI-4140, R. Komuves and J. Arleth, 1 May 1964, 
GAEC. Comments mainly c l a r i f i e d  the  specif icat ion by adding 
qualifying statemepts t o  spc? i f i c  paragraphs. Some addition- 
a l  paragraphs of GAEC UP-380-2 were included. 

LESP- (P)-4300A, LEM Fq-Apmo?t, Specification, Specif ic  Re- 
quirements f o r  Premodulation Prccessor and Audio Center 
Subassembly, 1 May 1964, RCA. 
4300A, 1 Nay 1964, RCA. 

Amendment #l t o  LESP-(P)- 
Excepticns and understandings t o  
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4.5.1.1 Documentation Review Effor t  ( corztinxed) 

C .  

a. 

e. 

f .  

( continued) 

LESP- (P)-4300A as amended, and Doc-ments referenced there- 
i n ,  1 May 1964, RCA. 
and 

Comments are i n  LAV-381-15, E. Griff in  
N. Darch, 28 May 1964, GAEC. 

I n  general RCA w a s  requested to submit a complete summary 
indicat ing where t h e i r  specif icat ion d i f f e r s  from GAEC 
LSP-380-2 including amendments 1 ,2  and 3 there to .  
were a l so  requested t o  submit backup da ta  f o r  a l l  values 
not i n  LSP-380-2. 

LESP- ( ~ ) - 4 6 0 0 ~ ,  LEM Equipment Specification, General Re- 
quirements f o r  Equipments, 30 March 1964, RCA. 
#1 t o  USP-(P)-46OOA, 1 May 1964, RCA. Exceptions and 
understandings t o  USP- (~)-4600A as amended, and Docu- 
ments referenced therein,  1 May 1964, RCA ( f o r  Raytheon) 
Exceptions and understandings to LE=- (P)-4600A as amended 
and Documents referenced therein,  8 May 1964, RCA ( f o r  
Motorola). Coments are i n  LAV-381-15, E. Gr i f f in  and 
N. Darch, 28 May 1964, GmC and i n  LZR-170-644 Enclosure 
(1) 15 May 1964, GAEC. 

They 

Amendment 

GAEC took exception t o  RCA's  philosophy t h a t  weight, i n  
general took precedence over maintainabi l i ty  and t h a t  
locking devices could be omitted by such pract ices  as 
bending i n  pins  or sheet m e t a l  brackets, and subs t i tu t ing  
f o r  t h e  requirements of MSFC-PROC-158B. 

LMR- (P)-4100-2, April  Monthly Status  Report, RCA. 
a re  i n  LMO-550-315, J. Arleth, 1 June 1964, GAEC. 
b r i e f ,  W C  requested a review of t h e  r e l i a b i l i t y  block 
diagrams and trade-off methodology being used i n  RGA's  
configuration analysis. 

LMR-(P)-4100-3, May Monthly S ta tus  Report, RCA. 
are i n  LAV-381-28, E. Gr i f f in  and N. Darch, 1 July 1964, 
GAEC. Reliabil i ty data l is ts ,  r e l i a b i l i t y  assurance 
analysis ,  maintainabili ty analysis  and thermal design 
analysis  as they a f f ec t  r e l i a b i l i t y  are being omitted from 
t h e  monthly reports .  Timely reply w a s  requested to cover 
these areas. 

WD- (P)-4130, LEM Procurement Document S-Band Transceiver 
Subassembly, 18 March 1964, RCA. 
4130, 8 May 1964, RCA. 
t o  WD-(P)-4130 as amended, and Documents referenced there-  
i n ,  7 May 1964, RCA. 
26 May 1964, GAEC. 

Comments 
In  

Comments 

Amendment #l to LPD- (P)- 
Exceptions and understandings 

Comments are i n  LAV-550-43, D. Smith 
GAEC pointed out t h a t  all failures 
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4.5.1.1 Docmentation Review Effor t  (continued) 

g . ( continued) 

must be reported and data  must be supplied t o  j u s t i f y  
qualificatio;? stat.=. 
force  GAEC requlirenents and t o  deny general waivers 
which have not been approved by LEM Rel i ab i l i t y .  

1964. RCA. 
R. Kom-mes, 1 May 1964. 
program plan are:  

1. Insuf f ic ien t  hardware or ientat iop,  
2. 

3. 

A new program plan w a s  promised i n  60 days. 
negotiations have delayed RCA. 
addi t ional  time before re-submittal of t h e i r  program plan. 

Packaging Study Communications Subsystem, 11 May 1964, RCA. 
Comments are i n  LMO-550-322, J. Arleth, 9 June 1964, GAEC. 
Main reasons f o r  re jec t ing  were: 

1. RCA's p lan t o  use wire wrap layout with so l id  jumper 
in te r face  instead of s p l i t  p in  w i r e  wrap. 

2. Pin block mounting pockets can co l l ec t  dust  and mois- 
ture .  

3. Possible degradation e f f o r t s  r e su l t i ng  from disregard 
of VHF Diplexer Cold P la t e  mounting specif icat ions.  

4. Lack of moisture control plans and r e l i a b i l i t y  trade- 
off  s tudies .  

It i s  RCA's respons ib i l i ty  t o  en- 

h .  Program Planning Document f o r  LEM Communications, 3 April  
Comments are i n  LMO-550-290, J. Arleth and 

Main reasons f o r  re jec t ing  t h e  

RCA's in te rpre ta t ion  of t h e  r e l i a b i l i t y  port ion of t he  
documentation reqiairements requires  c l a r i f i ca t ion .  
Ambiguities and crossover i n  t h e  scheduling of r e l i -  
a b i l i t y  tasks .  

However, 
They have requested some 

i. 

4.5.1.2 Vendor Meetings at  GAEC 

Four meetings of paramount i n t e r e s t  t o  r e l i a b i l i t y  occurred 
during t h i s  period. 

a. Re l i ab i l i t y  and Maintainabili ty 3equiremeiits nieetiiig on 
12 May 1964. The purpose of the meeting on 12 May 1964 
w a s  t o  acquaint RCA with the  GAEC philosophy per ta ining 
t o  t h e  r e l i a b i l i t y  goals as r e l a t ed  t o  the  mission p r o f i l e  
and t h e  modes of operation of the communication system. 
Complete details appear i n  the  Minutes of t he  GAEC/RGA 
meeting concerning LF51 Communications Subsystem Maintain- 
a b i l i t y  and Re l i ab i l i t y  Requirements. These a re  attached 
t o  t h e  cover memo, LMO-550-323, J. Arleth, and L. McCoy, 
10 June 1964, GAEC. 
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4.5.1.2 Vendor Meetings at GAFIC (continued) 

b. 

C. 

Reliabili-Ly Models and Mission Profiles meeting held on 
22 May 1964. 
in RCA was briefed on the presently conceived communica- 
+,io2 xission profile m d  its reliability aspects. Means 
of increasing reliability by modal operation and possible 
redxtion in duty cycle were discussed. In the event of 
modal failures the most acceptable lower modes of opera- 
tion were examined. 
Reliability meeting of June 16, 1964, three items of 
particular reliability interest discussed at this meeting 
were : 

1. An understanding of the GAEC part surface temperature 
philosophy and its implementation, 

2. The substantiation of reliability data, and 
3. Derating. 
The topic of derating was discussed extensively and RCA 
presented their policy. 
give comments with possible alternates. 

This was an informal working meeting where- 

GAEC agreed to review it and 

Details of this meeting can be reviewed in m-180-229, 
16 June 1964, GAEC. 

4.5.1.3 VHE' Transceiver Status 

Breadboarding of many circuits and integration of some stages 
of the VHF set has been accomplished. 
progressed to the stage of preliminary schematics. These 
have been shown to GAEC engineering by liaison engineers. 
These schematics show that RCA presently intends to design 
most of their high-frequency generation chains about transis- 
torized harmonic generators. 
since no idler circuitry is required. However, the use of 
proven transistors, careful derating and transient protection 
must now be assured in these circuits so as to obtain reliable 
operation. 

Conceptual design has 

This approach will save weight 

The transmitter final output stage at present is shown to be 
three 2N3375 power transistors in parallel. This approach 
will also conserve power and weight compared to a varactor 
output. As forecast in earlier reports solid state approaches 
will cause the use of a number of state of the art components. 
The 2N3375 was just recently given its JXDEC number so it can 
not as yet rank with other proven transistors. 
will monitor khese devices carefully and attempts will be made 
to see if a degradation detection technique could be incorpor- 
ated into WE checkout. 

Reliability 
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4.5.1.3 

4-5.2 

4.5.3 

4.5.3.1 

VHF Zrmsceiver Statxs  (continued) 

Re l i ab i l i t y  will exaxhe  the  t r ans i en t  exposures of these 
trmsistors d;xixg design and watch t h e  thermal. and design 
applir,afJion margins. 
s t r y s ,  ?.?ra%i-?g xc:d 05szrva;?ce of t h e  thermal maximum for 
par3 s-xf aces. 

It w i l l  f u r the r  i n s i s t  upon both 

Vendor Neaotiations 

Negotiations were held with t h e  Rantec Corporation on t h e  
11th azcd 12th of May 1964 f o r  t h e  VHF diplexer.  

Raztec w a s  q-uestioied about possible detuning of t h e  diplexer 
res- i l t ing frm aimensional i n s t a b i l i t y  under thermal t raverses .  
Their coment w a s  t h a t  provided the diplexer received proper 
cold p l a t e  momting there  should be no problem. 
reqaested the  GAEC/RCA thermal and packaging engineers t o  
follow t h i s  degradation aspect closely.  
p la t ing  m d  multipacting were a lso discussed w i t h  Rantec. 

The wr i te r  

Pa r t  feed throughs, 

Antenna Status  

The S-Band Erectable Antenna 

On April  7, 1964, RCA demonstrated an erect ion of t h e i r  fu l l  
scale  model erectable  antenna (see reference (a)) .  
l y  conceived their  one shot spring design w i l l  open qui te  
v io len t ly  03 the  lunar  surface (N.B. no a i r  resis tance and 
1/6 g ) .  
t r o l l a b l e  rest ,raint  i s  placed on the  spring action. Also, t he  
antenna erect ing mechanism, pa r t i cu la r ly  t h e  leaf springs, 
w i l l  require advmced QA techniques i n  order t o  avoid f i e l d  
reliabil i-by prcblems. These would be invoked during both 
development and fabr ica t ion  i n  order t o  discover inc ip ien t  
ne char-i c a l  weakr,es s e s . 

A s  present- 

This could cause h . m  f ac to r s  problems unless con- 

On 10 July 1964, a conceptual design review of t h i s  antenna 
was  held at  RCA, Moorestown, New Jersey (see reference ( b ) ) .  
To t h i s  da te  RCA s t i l l  had made no human fac to r s  analyses nor 
had $here been any e f f o r t  made t o  determine astronaut mobili ty.  
The existence of a possible i n i t i a l  and degradation problem 
i n  the  maintenance of reflec+,or surface tolerance w a s  d i s -  
cussed. Pa r t s  data, r e l i a b i l i t y  and thermal analyses were 
no5 presented by RCA. 

Althoagh lacking this  type of data RCA w a s  granted the  approval 
t o  b-dld an experimegtal model by 15 September 1964. As 
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k .  5.3.1 The S-Bmd Erectable Antenna (continued) 

compemation f o r  the  inadequate da ta  they were requested to 
b v i l d  a model which simulated the  deployment fea tures  of t he  
f i n a l  antenna ra ther  than j u s t  e l e c t r i c a l  features. 

4.5.3 a 2 S-Band Steerable Antenna 

Proposals on the  S-Band Antenna f o r  subcontract to RCA were 
received f ron  three of RCA's  proposed subcontractors: 
(a) Dalmo Victor, (b) Avien and ( e )  Eknerson. 

These proposals were reviewed and evaluated by GAEC and RCA. 
Dalmo Victor was  j o in t ly  selected on the bas is  of simplicity,  
r e l i a b i l i t y  approach, design, planning and f a c i l i t i e s .  

The D ~ O  Victor design proposal (see reference ( c ) )  indicates  
a simple 26 inch parabaloid (dish)  type antenna with crossed 
dipole d isk  feed which i s  more r e l i a b l e  than a complex array.  
The Earth detector  consis ts  of a Barnes infra red sensor 
mounted on the  antenna re f lec tor .  Barnes i s  designing the  
I R  sensor f o r  the  command module. The similarities of the 
LEM and CM sensors gives Barnes some p r i o r  conceptual r e l i -  
a b i l i t y  experience. However, an acute d i s s imi l a r i t y  under 
stzdy i s  t h e  thermal aspect of lunar soak. Other Earth de- 
t ec to r s  were b r i e f l y  considered during the proposal review 
but were discarded because of complexity. 

The proposed antenna and i t s  ginibaJjng are balanced by counter- 
weights. It has 1imit.ed ro ta t ion  with stops at t h e  designated 
end of t r ave l .  If LE24 i s  so positioned t h a t  Earth i s  out of 
t he  range of antenna t r ave l ,  then the  antenna w i l l  h i t  the  
stops.  
s t ruc tu ra l  supports and servo system. Possible solut ions to 
t h i s  r e l i a b i l i t y  problem a r e : '  

1. 

2. 

3. 

Tnis w i l l  put unnecessary s t r a i n  on t h e  antenna's 

Decrease antenna dish m a s s  by using a honeycomb type con- 
s t r u e  t ion 
U s e  celzter of gravity balancing of t h e  antenna d ish  and 
gimbding fx e l i z ina t e  comtemeight  necessity.  
U s a  a crank arm type of reciprocating act ion which a l lev i -  
a t e s  t he  need of stops.  

Items 1 and 2 a re  questionable due to thermal consideration 
(Reaction Control plume} and doubtful weight savings but  both 
w i l l  receive some fur ther  study. 
to RCA and Dalmo Victor f o r  t h e i r  consideration. 

I t e m  3 w i l l  be presented 

__ 
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4.5.4 

TJ safeguard a g a i m t  t h e  v i b r a t i o i  s t resses  mentioned i n  t h e  
pr2vious report  a r ig id iz ing  and supporting s t ruc ture  about 
the  IW wrii a?t,ema i s  mder design corsideration. Should 
t h 2  s ~ 3 5 2  i-r o1Tficisc-5 the2 a radme r!AaJr he eowidered. 

Exploratory t e s t i n g  of all t h e  scbject  antennas f o r  t he  
occurrerce of r r d t i p a c t i r g  i s  desirable .  However, t he  opera- 
t i o n a l  t e s t i z g  of these la rge  antenia s t ruc tures  i n  ultra 
higk vacuims has developed i n t o  both a f a c i l i t i e s  and an 
absorbic ixaterials search problem (see reference (d ) )  . 
sa t i s f ac to ry  so lu t io3  i s  not f o m d  theE a nul t ipac t ing  search 
i n  a b e l l  jar should 5e rim 03 all connectors, f i l t e r s  and 
natching networks associated w i t h  these antennas. 
sbould 5 e  doze rinxing f u l l  FF power through these devices 
m.d csing i9;:ator- radioactive techniques. 

If a 

Searching 

S-Baxd Power Amplifier Status  

4.5.4.1 Design Review of Amplifier 

On June 25, 1964 a design review w a s  held a t  the  Space and 
Information Systems Division of t h e  Raytheon Company. Minutes 
of the review appear i n  Raytheon's memo PA-20 of July 2, 1964. 

Some of t he  promigent r e l i a b i l i t y  action i t e m s  discussed a t  
the  review follow. 

1. Determine those performance monitoring fea tures  which 
should ind ica te  amplitron degradation. 

Determine which performance monitoring fea tures  could 
be a t t r i h t a b l e  to malfunctions of both t h e  amplifier and 
the  external  traasmission system. 

Examine amplitron tube removal t o  determine whether other  
modules are disturbed. 

Examine t h e  skin temperature of the 25;W c i rcu la tor  diimmy 
load whenratedpower i s  delivered a t  a 2 t o  1 VSWR. 

Study t he  f a i l u r e  modes of the proposed c i rcu la tors  and 
searchuA t h e i r  f a i l u r e  r a t e s .  

TJalidatz or determine a f a i l m e  r a t e  f o r  the amplitron 
t.Lbe and i n  the process search f o r  i t s  failure modes. 

2. 

3. 

4. 

5 .  

6. 

4.5.4.2 Amplitron Status 
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4.5.4.2.1 ~ 

The previous report discussed an intermittent shorting problem 
within the amplitron during testing at JPL. 
was discussed with RCA reliability engineering during technical 
coardination meecuiags. 
that a eathGde seal failure was setting up conditions ideal 
for arcing. This was traced to inadequacies in the brazing 
bath process. This is a quality control problem which will 
definitely affect reliability and Raytheon is studying the 
process controls. 

This problem 

RCA disclosed that Raytheon stated 

An allied problem is accurate centering of the cathode and/or 
sharp prominences and whiskering on the cathode. 
tooling and burn off of such possible projections from the 
cathode surface were the solutions advanced by the tube design 
engineers. 

Careful 

4.5.4.2.2 Amplitron Life Testing 

The lack of at least lower bound life test data appears to 
have been answered. 
the writer has been informed of a Raytheon test plan which 
includes life testing of five tubes as well as stringent 
environmental and step stress testing on five others. This 
testing was to be negotiated into specifications. Documentary 
verification did not arrive in time for this writing. More 
details and documentation will be given in the following 
report. 

In recent discussion with RCA engineers 

4.5.5 Multipacting and Corona 

This FU? breakdown phenomenon is still under'investigation 
since its occurrence can cause RF power losses from 50% to 90% 
(see reference (e)). Preventive measures are being taken 
by advising designers: 
1. 

2. To eliminate gaps and voids with dielectric filling if 

3. 
4. 

To minimize the use of microwave components having voids 
since these provide free electron paths. 

performance permits. 
To procure pressurized microwave cavities where possible. 
To keep alternate pressurized packaging designs in mind 
if multipacting develops downstream in the program. 

Much difficulty is encountered in predicting this type of R F  
breakdown so that both specific components and systems must 
be considered as prospects. The empirical nature of the 

~~ 
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4.5.5 Multipacting and Corona (continued) 

t h e  breakdown phenomenon requires  t h a t  an exploratory t e s t i n g  
program be i n i t i a t e d  t o  search out a l l  t he  possible components 
which could undergo multipacting. 
l o i g  period of tine before breakdown hence, i n i t i a t i o n  tech- 
niques such as t e s t i n g  i n  the  presence of radioactive isotopes 
are desirable  (see reference (f ) ) . 
RCA i s  t ranspi r ing  i n  order t o  define the  possible problem 
areas. 

Searching may require a 

Technical coordination with 

4.5.6 Projected Effor t  

1. Continue work on a failure e f f ec t s  analysis now i n  progress. 

2. Continue vendor documentation reviews. 

3. 

4. 

Render technical  ass is tance t o  the  vendor by monitoring 
h i s  e f f o r t s  and maintaining technical  coordination. 

Study design review packages and at tend scheduled design 
reviews. 

5.  Perform communication r e l i a b i l i t y  system studies  as t h e  
occasion arises. 

4.5.7 Reference L i s t  

a. 

b. 

C .  

a. 

e. 

f .  

Arleth, J., RCA Erectable Antenna Conceptual Design, 
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Alber, J., LEM Erectable Antenna Concept Design Review 
Meeting a t  RCA, Moorestown, New Jersey, LMO-380-245, GAEC 
13 July 1964. 
Technical Proposal f o r  Lunar S-Band Steerable Antenna 
Assembly, R-2950-3429, Dalmo-Victor, Belmont, California, 
M w  12, 1964. 
Dudgeon, D. ,  G r m a n  Inhouse Antenna Development Test 
Plans and Test Program Scheduling, LAV-380-86, GAEC, 15  
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Space Programs Swnmary No. 37-21, Volume 1, Jet Propulsion 
Laboratory, California I n s t i t u t e  of Technology, Pasadena, 
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4.6 Environmental Control Subsystem 

4 .6 .1  summary 

The following were the major areas of e f f o r t  during the last 
r epor t  period: 

a. 

b.  

C .  

Water Management Configuration Study (LED-550-27) 

This study compared the ex i s t ing  water management with 
a proposed system. The study concluded t h a t  there  was  
a r e l i a b i l i t y  increase u t i l i z i n g  the proposed concept. 
This system w i l l  a l so  save weight. 

Success Path Study of the Related Functions of the EPS 
and ECS (UD-550-30) 

This study showed the  avai lable  a l te rna te  equipment paths 
r e su l t i ng  from f a i l u r e s  of the equipment i n  the power 
generation sect ion of the  EPS and the oxygen sect ion of 
the ECS. 

Study of Space Radiator versus Water Boiler Cooling 

This study shows t h a t  an increase i n  r e l i a b i l i t y  can be 
achieved and a po ten t i a l  weight saving ef fec ted  with 
the space rad ia tor  concept. 

( LMO- 540- 336 ) 

4.6.2 Discussion 

4.6.2.1 LEM Space Radiator Study 

A space radiator/water b o i l e r  configuration versus a water 
evaporative thermal r e j ec t ion  system study i s  being conducted 
t o  determine the po ten t i a l  weight savings, r e l i a b i l i t y  and 
over -a l l  system e f fec t s .  

LMO-540-336 i s  the repor t  on t h i s  subject.  
ind ica tes  t h a t  there i s  a po ten t i a l  weight saving, and in-  
crease i n  r e l i a b i l i t y  with the  use of the space r ad ia to r  
configuration. The repor t  recommends t h a t  a more de t a i l ed  
study be made t o  assess the  value of an " a l l  out" in tegra ted  
system approach. 

This repor t  

~~ ~- 
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4.6.2.2 Path Study - Integrated EPS And ECS Common Equipment Paths 

I n  order t o  achieve a funct ional  path study f o r  the LEM 
vehicle  it became necessary t o  integrate  the function of 
the  Power Generating Section of the E l e c t r i c a l  Power Sub- 
system and the Oqgen Section of Environmental Control 
Sub system. 

LED-550-30, ''Mission Success Path Study of the Related 
Functions of the E l e c t r i c a l  Power and Environmental Control 
Subsystem", provides the above information. 
takes in to  account the  present grounds which w i l l  be used 
t o  determine the mission success and crew safe ty  probabi l i -  
t i es  of t h i s  function. 

This study 

4.6.2.3 Water Management Configuration Study 

To provide the  r e l i a b i l i t y  support f o r  t'ne configuration 
change i n  the schematic drawing (LDW-330-6.000) f o r  the  
ECS system, LED-550-27, "Environmental Control Subsystem 
Water Management Configuration Study", was provided. This 
study showed t h a t  the proposed concept characterized by a 
modular design, wherever the  functions of water management 
are contained within one housing, increases r e l i a b i l i t y .  
The weight saving ( i n  ascent )  i s  e f fec ted  by s taging two of 
the three water tanks i n  the proposed concept, compared t o  
the  single-unstaged tank i n  the o ld  concept. 

4.6.3 Vendor S ta tus  

4.6.3.1 C02 Sensor Procurement 

€'re-contract negotiations w e  presently underway with the 
Perkin-Elmer Corporation t o  determine i f  the  Perkin-Elmer 
r e l i a b i l i t y  plan has m e t  the  object ives  of t h i s  LEM crew 
safe ty  item. 

Where r e l i a b i l i t y  considerations were r i d  adequate they are  
being changed t o  meet LEM r e l i a b i l i t y  requirements. 
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4.6.3.2 Brushless DC Motor 

Procurement of brushless DC montor's by Hamilton Standard 
i s  underww. 

The basic  objection t o  t h e i r  use w i l l  be overcome i f  a 
" r e l i a b i l i t y  t e s t  program" i s  successful i n  ascertaining: 

1. d i s t r ibu t ion  of f a i l u r e  with time 

2. mode or modes o f  f a i l u r e  

3. ve r i f i ca t ion  tha t  the  motor i s  capable of performing 
under LEM environments. 

LMO - 5 5 0- 196, "Proposed Re  1 iab i 1 i t y  Te s t Program, Brus hle  s s 
DC Motor", i s  now being evdluated by NASA/MSC. 
approval of go-ahead by NASA/MSC w i l l  allow t h i s  t es t  pro- 
gram t o  be concurrent with ECS equipment build-up. 

Timely 

4.6.3.3 PLSS As  A Back-up For ECS 

As a r e s u l t  of a coordination m e t i n g  with H,S.D. (reference 
H.S.D. LMM-1150-16) GAEC r e l i a b i l i t y  requested H,S.D. t o  
advise GAEC of the  possible areas needing fur ther  study i n  
order t o  consider the PLSS as a back-up fo r  LEM/ECS. 

H.S,D. presented the areas 
randum LVM-1150-0319. Summaxizing t h e i r  l e t t e r ,  the  follow- 
ing a rea  of study must be accomplished: 

1. component l i f e  of PLSS items fo r  extended LEM missions 

2. method o f  replacement of LIOH car t r idges i n  the  PLSS 

3. 

requir ing study i n  t h e i r  memo- 

(e .  g . , "Buddy System" ) 
manner of conversion of LEM e l e c t r i c a l  supply (H,S.D. 
intends t o  use 17.5 v o l t s  f o r  i t s  PLSS) 

These problems must be resolved and require fur ther  analyses 
by H.S.D,. 

4.6.3.4 Subcontractor Failure Mode And Effect  Analyses 

During the  period the vendor f a i l u r e  mode and e f f e c t  analysis  
work has materialized and there  are  about 40 preliminary and 
11 deta i led  analyses submitted out of the approximated 70 
items required. 



a 

0 

P A W  4.38 
.- 

4.6.3.5 R e l i a b i l i t y  Coordination 

I n  order t o  in tegra te  the r e l i a b i l i t y  calculat ions between 
H.S.D. and GAEC coordination meetings were held. The 
following memorandums were prepared: LMO-550-333, "Report 
On Tr ip  To H.S.D.", and LhD-550-334, "Minutes On Meeting 
11 June 1964 - Between H.S.D. and GAEC Rel iab i l i ty . "  This 
provided a common basis between H.S.D. and GAEC f o r  cal-  

ECS was also changed t o  specify the exact mission t i m e s  f o r  
c d c u l a t i n g  r e l i a b i l i t y  (see Section 3.) 

, culat ing ECS r e l i a b i l i t y .  The GAEC spec i f ica t ion  f o r  the 

4.7 E l e c t r i c a l  Power Subsystem (EPS) 

4.7.1 s u m q  

The major area of concentration & r i n g  this repor t  period 
has been i n  the power d i s t r ibu t ion  area where a s ingle  
General Purpose Inverter  and a redundant inver te r  config- 
ura t ion  were explored i n  grea t  depth. This e f f o r t  culminated 
i n  the  Ju ly  2 presentation t o  NASA via conference c a l l .  
Another area of a c t i v i t y  w a s  i n  s iz ing  of an auxi l ia ry  ba t -  
t e r y  f o r  the three (3)  f u e l  c e l l  configuration. 

4.7.2 Major Effo r t  Anticipated I n  Next Quarter 

1. Evaluate proposals and s e l e c t  vendors for :  

a. cryogenic r e l i e f  valves 

b .  reac tan t  feed solenoid valves 

e .  e l e c t r i c a l  connectors. 

2. Continue e f f o r t  on the f a i l u r e  mode and e f f e c t  analysis .  

4.7.3 Power Generation Subsystem 

During t h i s  repor t  period an i n i t i d  study t o  generate the 
success paths uni t ing the  concomitant functions of t he  ECS 
and the  power generation sec t ion  of the EPS has been com- 
pleted.  The general plan of t h i s  study began w i t h  an exam- 
ina t ion  of the current ly  assumed mission object ives  and 
the  ground r u l e s  u t i l i z e d  t o  determine whether t o  continue 
or t o  abort  the  mission f o r  various failure conditions. 
The complete study can be found i n  LED-550-30. 
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4.7.3 

4.7.3.1 

4.7.3.2 

4.7.3.3 

4.7.4 

Power Generation Subsystem (continued) 

An invest igat ion in to  the  weight penalty necessary t o  a f f ec t  
a s igni f icant  gain i n  r e l i a b i l i t y  by providing f o r  micro- 
meteoroid shielding of the  L E M  system, and pressure vessels  
i n  pa r t i cu la r  was a major i t e m  of concern during t h i s  report  
period. LED-550-29 gives spec i f ic  recommendations for 
marked r e l i a b i l i t y  improvement of the supe rc r i t i ca l  reac tan t  
storage tanks by providing a minimum of micro-meteoroid 
shielding. 

Fuel Cells 

P r a t t  and Whitney A i r c r a f t ' s  Re l i ab i l i t y  Program Plan, PWA- 
2406, Revision B, dated 19 March .1964, w a s  approved on 22 
Apri l  1964 as per LTX-170-816. 

PWA submitted a revised f a i l u r e  mode and e f f e c t  analysis  and 
r e l i a b i l i t y  da ta  l i s t  as pa r t  of t he  May 1964 Monthly Progress 
Report, FWA-2429, Volume 11, dated 10 May 1964. 

Cryogenic Reactant Tanks 

Garrett-Airesearch i s  now under contract  and t h e i r  Program 
Plan, SS-3090, dated 7 ~ a y  1964, was received 26 1964. 
The Program Plan, i n  general, covers the r e l i a b i l i t y  require- 
ments and be considered acceptable with the  reso lu t ion  
of the items enumerated i n  LMO-550-326, dated 1 5  June 1964. 

Battery 

The ba t te ry  requirements f o r  the L E M  mission axe i n  the 
progress of being f inal ized.  

E l e c t r i c a l  Distr ibut ion Svstem 

LED-550-26, dated 30 Ymch 1964, presents the back-up r e l i -  
a b i l i t y  information f o r  the LEM inverter  f i na l i za t ion  study 
presented to NASA on 29 Januavy 1964. Additional information 
(paths including navigation and guidance funct ion)  was trans- 
mitted at  the 2 July 1964 NASA presentation. 
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4.7.4.1 Inver te r  

The inver te r  procurement i s  pending f i n a l  approval on the  
inver te r  configuration. 

4.7.4.2 Portable L i f e  Support System Battery Charger 

Due t o  the change i n  the PLSS ba t te ry ,  a new spec i f ica t ion  
i s  i n  the process of being drawn up. 
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4.8 Instrumentations Subsystem 

4.8.1 Summary 

Detailed information about the Scientific Instrumentation 
Section is still in the development stage and is therefore, 
not available. 

A great part of the Operational Instrumentation Section 
equipment are in the stage of Specifications and Vendor 
Requirement preparation, except the P(XTF,A which is sub- 
contracted to Radiation, Inc. The GAEC Reliability analy- 
sis and estimates for the PCM'IEA were reviewed and modified 
to reflect the effect of updated Failure Rate information 
replacing engineering best estimate information. These are 
stated in reference (a). 

All other equipments have either completed Specifications 
or near completion, i.e., C&wEA and SEA, SCEA respectively. 

Areas presenting problems are: 
a. 

b. 

C. 

d. 

e. 

Field Effect Transistors, Pulse transformers, diodes for 
having doubtful reliability data and wire wound resis- 
tors whose resistance can vary with time. 
Overall estimated PCM reliability is below that required 
by the specifications. 

Lack of documented failure rates for the parts used in 
PWFbA. 

SEA, SCEA high reliability requirements imposed by the 
design. 

Deficiency of failure rate documentation on integrated 
networks used in TE design. 

4.8.2 Major Efforts Anticipated for Next Quarter 

a. Review of past apportioment results for S a  m d  SCE-4 
and prepare the reliability input to specifications. 

b. Study of PCMTEA weak links and suggest modifications 
for the overall reliability improvement. 

c. Search for and study interface problems of PCMEA, dis- 
plws and C&WEA and make recommendations for reliability 
improvement. 

Primary No. 760 
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4.8.2 Major Effor t s  Anticipated for Next QlJzrter (ec-fi?-ied) 

d. Review f a i l u r e  r a t e  l i s t s  and -2pdate a l l  estimates of 

e .  Update Spezif i ?a t i ce ;  ard Vendsr Re~d-Artmc:-ta 

f .  Continue Fa i l -ne  Mode and Effect  -4?dysis f e r  Cpera- 
t i o n a l  Instrzrmentaticn aaii Display; & Cr.nfrols. 

reference (a) . 

4.8.3 Discussion 

Presently the  estirnates which appear i n  reference (a) show 
t h a t  t he  r e l i a b i l i t y  goal of' the PCY has not bee2 met. It 
i s  the  i n t e r e s t  of  these Re l i sb i l i t y  Effor ts  t o  point o,t 
t he  weak l inks  of the design and carry G-23 cocfigmaticn 
s tudies  on possible design modificatiom, which w i l l  have 
an o-;erall r e l i & i l i t y  izprGi,-eEeilt. 

An attempt was made t o  use redurdancy i n  t h e  High Speed 
Gates, Programmer, DigitaL Multiplexer, Analog and Dig i t a l  
Gate Drivers of the  PCM i n  order t o  determine t h e  improve- 
ment i n  r e l i a b i l i t y .  The r e s u l t s  were discouraging. The 
power d iss ipa t ion  and weight increased considerably, and 
t h e  r e l i a b i l i t y  estimate improvement w a s  negl igible .  
ever, e f f o r t s  w i l l  continue i n  the area of f a i l u r e  r a t e  
se lec t ion  and i n  the  study of design redundancy within sub- 
assembly l eve l .  

How- 

4.8.4 Vendor Status  

The design progresses with s l i g h t  d i f f i c x l t i e a  d-:e t o  with- 
holding of pa r t s  approval f o r  lack of data  a:id ;rLY in t ro-  
duction of design changes, such as  the  changing of t he  AC- 
DC power supply t o  DC-DC power supply i n  the  FC.. Most of 
t he  p a r t s  specif icat ions and Re l i ab i l i t y  Data L i s t s  have 
been submitted by the Vendor. The review of these doc-;- 
ments w a s  completed and comments submitted. 

Radiation, Inc. ,  the  PcTJI/TEA vendor has i n  geceral  adhered 
t o  t he  Re l i ab i l i t y  Program. 

No e f f o r t  was made e i ther  i n  design configurations nor i n  
f a i l u r e  r a t e  select ion t o  show t h e i r  approach t o  re l iah i i i+ ,y  
improvement of t he  PCMTEA. 

contract  1\10. NAY y-iiuu LLVK->>U-O 
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4.8.4 Vendor Status  (continued) 

The Vendor did not respond t o  GAEC comments made on the  
r e l i a b i l i t y  data  lists and t he  progress reports .  

It has been ascertained t h a t  t h e  Vendor i s  wil l ing t o  con- 
form t o  the  Re l i ab i l i t y  Program Plan agreed t o  and t h a t  t he  
GAEC exception s t a t ed  above will be s a t i s f i e d  i n  the near 
future . 
Reference: (a) LED-550-16 "Rel iab i l i ty  Analysis of Instru- 
mentations Subsystem". 

4.8.5 Displws  & Controls 

Specification and Vendor Requirements have been prepared 
f o r  t h e  Electronic Clock and the Event Timer .  

Proposals submitted by Bulova and Gibbs were reviewed and 
evaluated, Bulova w a s  selected as a vendor f o r  t he  i t e m s  
mentioned above. 

Vendor negotiations were attended, as re f lec ted  i n  references 
(a) and (b),  among the items followed up i n  t h e  Displays 
and Controls S/S a c t i v i t i e s .  

Specifications and Vendor Requirements f o r  t h e  "C&WEA D i s -  
plays are i n  .preparation. 

References: (a) LMO-550-265 "Proposal Clar i f ica t ion  Request" 
(b) LAV-350-37 "Bulova Watch Co. AVO dated 

15 June 1964" 

4.9 Structures  Subsystem 

4.9.1 Summary of Subsystem Effor t  During This Period 

1. 

2 .  

Stage Separation System and Components were studied 
(reference LMO-390-188) 
Selection of one type of mechanically operated bl ind 
r i v e t  (reference LMO-550-282) 

3. Study on e f f ec t s  of docking requirements on LEM config- 
urat ion (reference LMO-540-285) 

Contract No. NAS 9-1100 LPR- 5 50- 6 
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4.9.1 

4.9.2 

4.9.3 

Summary of S ~ s y s t e m  Effor t  Dining This Period (continueci) 

4. 
5.  
6. 

7. 

Fai lure  Mode and Effect  Analysis has been s ta r ted .  

Micrometeoroid Protection Study (reference LED-550-29) 

MoEitored Descent Propellant Tank Vendor (reference 

Input i n  select ion of Ascent Propellant Tank Vendor 
(reference LMO-550-260) 

LAV-280- 5 4) 

Major Effor t  Anticipated f o r  Next Quarter  

1. 

2.  

3.  Monitoring of Vendor e f f o r t  w i l l  be continued. 

lbrk w i l l  be performed on evaluating t h e  Ascent-Descent 
s tage separation system components. 

The Fai lure  Mode and Effect  Analysis e f f o r t  w i l l  be 
continued. 

Discussion 

1. Stage Separation System and Components 
Conceptual design reviews were conducted with design 
groups t o  evaluate the  possible usage of a MDF (Mild 
Detonating Fuse) Stage Separation System, as opposed 
t o  t h e  e l e c t r i c a l l y  i n i t i a t e d  hot wire system. 
configurations were studied and f e a s i b i l i t y  tests per- 
formed. It was establ ished t h a t  t h e  LEM would use the  
e l e c t r i c a l l y  in i t ia ted  system (reference NASA-GAEC pyro- 
technic meeting, Houston, April  8,9, 1964). 
system would require too much development t i m e .  

Possible 

The MDF 

Inters tage e l e c t r i c a l  umbilical connectors are being 
studied and proposals evaluated. Various methods of 
separating the  in te rs tage  umbilical such as; mechanical, 
pyrotechnic operated gui l lo t ine ,  shaped charge, a r e  
being studied. Result of propress t o  date  are contained 
i n  1i~0-390-188 and soon t o  be released LMO-390-231. 

Inters tage f lu id  disconnects are being studied. Speci- 
f i ca t ions  have been prepared and reviewed. Proposals 
a re  being evaluated. Revisions t o  the  specif icat ion a re  
i n  process t o  r e f l e c t  l a tes t  information, such as; m i s -  
alignment tolerances both angular and l i n e a r  due t o  
asymmetrical stage separation, valve sequencing, e t c .  

Contract No. NAS 9-1100 LPR- 5 5 0- 6 
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4.9.3 Discussion (continued) 

2. 

3.  

4. 

5 .  

Reliability of Blind Rivets 
There are in general two types of mechanically operated 
blind rivets. A study of these types was conducted 
with a definite choice being made for one particular 
type. Details are contained in m0-550-282. 

Do eking Requirements 

A study on the effects of docking requirements on the 
LEM configuration was conducted. 
for the three configurations studied are contained in 
LMO-540-285, dated 15 April 1964. 

Reliability inputs 

Failure Mode and Effect Analysis 

FMEA has been started. This will cover areas such as: 
Docking, Landing Gear, Hatches, Sti-uct-we ai?& Tyro- 
technic Systems. The latter include: Ascent-Descent 
Stage Separation System; Landing Gear Extension: Antenna 
Erection; Descent, Ascent, and Reaction Control Engine 
Pressurization. 

Micrometeoroid Protection Study 
The purpose of this study was to recommend how much 
micrometeoroid shielding should be added to LEM, where 
it should be allocated and to determine the probability 
of not  having a catastrophe due to meteoroid bombardment. 
For details see LF;D-550-29, dated 11 May 1964. 

4.9.4 Vendor Status 

1. Descent Propellant Tank Vendor 
Monitoring of the Allison reliability effort continued. 
Major items were,approval of the program plan and receipt 
of monthly progress reports. 

2. Ascent Propellant Tank Vendor 
Proposals from vendors were evaluated and Aerojet was 
selected. 

References 

a. 
b. MO-390-188, 7 May 1964. "Interstage Electrical Umbilical". 

LMO-550-282, 28 April 1964 "Use of Blind Rivets". 
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4.9.4 

4.10 

4.10.1 

4.10.2 

4.10.3 

Vendor Status (continued) 

References (continued) 

e. LMO-540-285, 15 April 1964. "Effects of Docking Require- 
ments on the LEM Configuration". 

Crew Provisions Subsystem 

Summary of Subsystem Effort During This Period 

1. Design Reviews continued 
2. Document Review 

3. Indicator Tube Study 
4. Started Failure Mode and Effect Analysis 

Major Efforts Anticipated for Next Quarter 

1. The Failure Mode and Effect Analysis effort will be 

2. The crew support and restraint system design and test 

continued. 

will be monitored. 

Discussion 

1. Design Reviews 

Design reviews for various systems were conducted. As 
a result of these design reviews revisions such as the 
following are planned: 

a. For the astronaut's descent-ascent system which is 
basically a ladder; potential suit and toe catching 

ports are being redesigned. 
p ro tV,," L,,iens on the steps, railings azd railillg sup- 

b. For the Food and Water System; placement of expira- 
tion date on the package; and removal of sharp corners. 

Contract No. NAS 9-1100 LPR- 5 5 0 - 6 
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4.10.3 Discus s i  on tcont imed)  

1. Design REV i .ews ( contin-aed) 

e. For Lighting and Cisplays; revision of swit-dh-nme 
p l a t e  locat ions t o  minirnize chance of se lec t ing  
wrong s w i t z h .  

' 2. Document Review 

In  regard t o  the  Back Pack drawing, a s x g e s t e d  char,ge 
i s  generous rounding of t h e  Back Pack corners t o  permit 
ea s i e r  astronaut ingress am3 egress.  
rounding of t he  corners of t he  Bazk Pack would b e t t e r  
permit t h e  astronaict t o  get  up f r c m  a prone pos i t ion  on 
h i s  back, s h o d d  he ever a t t a i n  $his pcsiti.cn, ( f o r  
example on the  lmar surfaze) . Dxring t h i s  period, 
e f f o r t  has been expended i n  t h e  review and revis ion of 
equipment c r i t i c a l i t y  ra t ings  (see reference TMO-550-23 1 . 
This r e f l e c t s  the  l a t e s t  c r i t i c a l i t y  ra t ings,  and i s  
used t o  determine the  number of eq-ipments t o  be u t i l i z e d  
f o r  t e s t  purposes. 

In  addition, 

3. Indicator  Tubes 

A study w a s  performed on the  possible use of Nixie In- 
d ica tor  Tubes f o r  displays as opposed t o  the more common 
filament type. Nixie tubes a re  gas f i l l e d  cold cathode 
glow discharge display indicators .  It was f e l t  tha t  
t he  l i f e  of the  Nixie tube w a s  the same order of magni- 
tude, but t he  Nixie required the  addition of a 28 t o  
170 v o l t  DC converter plus  more circi l i t ry .  It w a s  there- 
fore ,  concluded t h a t  the  r e l i a b i l i t y  of t h e  Nixie system 
would be lower thm the simpler filament system. 

4. Failure  Mode and Effezt  Analysis 

Fai lure  Mode and Effect  Analysis has been s t a r t ed .  This 
w i l l  cover areas such as; Crew Support and Rest,raint, 
Usage of Pressme SEit, Wast Management, Food and Water, 
Germicide Tanks, Lighting Systems, Ingress and Egress, 
Descent-Ascent System LEM-Lmar Surface aid Vomitus 
Management. 
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5 *o FBLIABILITY A S S W C ' E  PRCGRAM 

5 Summary Of Act iv i t ies  

Ac t iv i t i e s  during the lest quarter  were pr inc ipa l ly  rout ine 
tes t  planning, monitoriig a c t i v i t i e s  and vendor negotiations.  
The results of these a c t i v i t i e s  are reported i n  Table 5-0, 
Test Program Progress e Specific details f o r  each subsystem 
are provided i n  the t e x t  of t h i s  report,. 

5.1.1 Amendments To Specifications 

During the reporting period a procedme w a s  established i n  
tdhich the specif icat ion mendmerits from Systems Tes t ,  Strue- 
tural Analysis, and Re l i ab l l i t y  were reviewed, coordinated and 
submitted t o  the  sxbsystem grcip.  The respons ib i l i ty  f o r  irn- 
p%Wenting th i s  procedure r e s t s  with the Re i i ab i i i t y  group 
s ince all specif icat ions m u s t  be signed off by Re l i ab i l i t y  
before they are issued. When the specif icat ion i s  submitted 
t o  Re l i ab i l i t y  f o r  signature the Systems Ehgineering inputs  
(Systems Test, S t ruc tura l  Analysis, and Rel iab i l i ty )  a re  
reviewed f o r  accuracy, completeness and technical  content 
before the  specif icat ion i s  signed o f f .  

5.1.2 T e s t  Ident i f ica t ion  

A t ransmi t ta l  sheet f o r  the T e s t  Ident i f ica t ion  Section of 
the LEM Rel i ab i l i t y  Computer Program (LRCP) has beex ful ly  
developed. 
purposes : 

1. Written record of bas ic  qua l i t a t ive  data concerning a 

U s e  of the t ransmi t ta l  sheet serves the  following 

spec i f ic  t e s t .  
from t h e  t es t  plan o r - r epor t  i f  needed. 

The t ransmi t ta l  sheet i s  the most preferable  method of 
t ransfer r ing  engineering da ta  onto IBM pPar,ch cards be- 
cause of t he  increased ef f ic iency  i n  key punch operation. 

The t ransmi t ta l  sheet f a c i l i t a t e s  the engineering d i sc i -  
p l ine  of recording data concerning both plarmed and operat- 
ing tests. 

Detailed information can be obtained 

2. 

3. 

The integrated charac te r i s t ics  of the LFCP allows cross 
referencing between the various campdter sect ions s x h  as 
Fai lure  Reporting and Analysis, P a r t s  Coi t rol  and Test 
Ident i f ica t ion .  
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5.1.2 Test Ident i f ica t ion  (continued) 

Only a minimm- amo-nnt of data,  i .e.,  Far t  B-nbzr ar!d T?st  
Plan Number, i s  needed t c  es tab l i sh  records cmcerning a 
pa r t i cu la r  t es t  ir the  LRCP. S i m e  t h e  t r a n s n i t t a l  sheets  
are pr in ted  OIZ special ly  prepared vellum, it i s  r e l a t i v e l y  
easy to add, de l e t e  o r  chmge data  i n  connection with 
spec i f ic  tests.  A t  present, productioz data  i s  ?.eing pre- 
pared on t ransmi t ta l  sheets  i z  a7ticiFatior: cf the  comple- 
t i o n  of t h e  LRCF. 

A reduced s i z e  sample of %he k-xmnithl sheet i s  given i n  
t h e  Appendix A .  

5 -2  Subsystem Program Prcgresa 

5.2.1 Descent Propulsion 

5.2.1.1 Descent Engine - Rocketdyne 

Major e f f o r t  dming the  past  quarter  w a s  devoted to se lec t ion  
of t h e  f i n a l  i n j ec to r  mif ice  pa t te rn  desigr,. 
based on over 47 workhorse in j ec to r  and thr-ist chamber tes ts  
run during t h i s  period aloce. 
as t h e  basic  LEM injezbcr ( t r i p l e t , ,  F-O-F)* 
t h i s  bas ic  design are rhe 5C: (8% f i l m  c-oolant), 5D (5% f i l m  
coolant) and type 22 (basic  05 pat$erz, F-0-F, except odter  
3 r ings have 297 pat5er:is tnstead of 72).  Invest igat ion of 
each v a r i a t i m  will ccn+,f?,-ue. 
a C* eff ic iency of 98% with an allowable th roa t  erosioc and 
zero Pc "pop" frequency. 

Selection was  

'The ty-p? 05 pat3ern w a s  se le2ted 
Variations of 

The 05 pat%err, has y i e l d 4  

Major problem areas which are bei;._g investigated are: 

1. B a f f l e  burning proS1~m 

2. Thrust chamber gawss  -x.der ?he ba f f l e s  

3. Self iiicliiced -p@.zg 2 w i z g  +,h.,rctklizg w i t h e 5  he1Tm2- 

5.2.1.2 Descent Engine - Space Techr~o;ogy Labs 

Two Re l i ab i l i t y  Ass3naxe Test P l m s  have beec re ;eived from 
STL. 
1. I234 Descent Er,gir?e I?.jec%or Ass%xkly Rel i ak i i i t y  A s s ~ i r m c e  

T e s t  Plan STE #8438-6108-~~000 (GAEC L l ~ - l l O O - 3  1. 
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5.2.1.2 Descent Engine - Syace Yechnology Labs (continued) 

2. LEM Descept Engine Thrust Mount and Gimbal Assembly R e i l -  
a b i l i t y  Ass~raxce  Tzst Plan STL #8438-6118-S1~000 (GAEC! 
1100-9). 

The f irst  t e s t  pla2 w a s  reviewed and f o m d  t o  conform to t h e  
general  Re l i ab i l i t y  Assixranee i2 t en t .  
Check of Qualificatiorl  Test Levels and Stress-to-Failure 
Tests were developed completely i n  l i n e  with GAEC in t en t .  
However, s ince mission s h u l a t i o 3  d i 3  not i rc lude  a "hot 
f i r i n g "  t o  repr2sext t,he descect, phase of t h e  mission, t h e  
t es t  plan w a s  ?,ot approved. The failure mode predict ion 
analysis  indicates  failare of %he bearipGs o r  f l e x w e  as 
being most c r i t i c a l ,  and f o r  t h i s  reason, STL d id  not i x o r -  
porate  a "hot f i r i r g " ,  
cormnents regarding the  disapprcval (Ref. LVO-550-349). 

Mission Simulation, 

GAEC i s  aow awaitfzg STL formal 

The second test pla-, receive6 i s  s t i l l  being reviewed. 

5.2.1.3 Descent Propulsion Components 

Vendor proposals f o r  t h e  design and manufacture of components 
f o r  t h e  descent pressurizat.ion and feed systpas have been 
evaluated and rated by a team of GAEC engineering personnel. 
Preliminary negotiations with selected vezdors were a l so  com- 
p le ted  and quotes or? t h e  T e s t  Program have been evaluated. 
A purchase order was issued to Sterer  Ehgineering Mfg. Go. 
of Los Angeles, California to supply t h e  H e l i x n  Presswe Re- 
ducing Valve (Lsc-270-816) f o r  the press-jrization system. 

The s t a tus  of t h e  descent propulsion compogents i s  tabulated 
i n  Table 5 .O (Test Program Progress). 
are issued, a l i s t  cf accepted vendors w i l l  be included i n  
t h e  next report .  

A s  purchase orders 

5.2.2 Ascent Propulsion 

5.2.2.1 Ascent Engine - B e l l  

O f  major impor tace  during t h i s  pas t  quarter  w a s  t h e  start of 
t e s t i n g  at  AEDG. 
f i r e d .  F i r ing  schedule simulated a typ ica l  engine l i f e  cycle 
consisting cf a 10 second f i r i n g ,  a 380 sesoid f i r i n g ,  and 
f i n a l l y  a 15 second f i r i n g .  En< of rim spec i f ic  imp-ilse f o r  
tests using the  KTTCO chamber m e t  specifieaCuion reqvirenerks 

For the f irst  t i m e  a f u l l  &:1 chamber was  
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5.2.2.1 Ascent Engine - Bell  (continued) 

and on t h e  bas i s  of these tests, HIXO has been selected as 
t h e  f i n a l  ab la t ive  srrpplier . 
Along with t h i s  accomplishment B e l l  t e s t i n g  has yielded r e s u l t s  
which has resolved the in j ec to r  problem which w a s  causing mder-  
cu t t ing  of the  ablat ive th rus t  chambers a t  the  ir , jeztor end of 
t h e  chamber sect ion.  
results show the  radial pa t te rn  type B in j ec to r  t o  be most 
promising. This pat tern i s  a basic  radial t r i p l e t  pat5ern 
with an outer  r ing  of b a r r i e r  doublets. F i g u e  5-1 i s  a laymt 
showing a typ ica l  B type in j ec to r  layout.  B e l l  i s  con5inxing 
tests t o  f i n a l i z e  t h i s  design azld w i l l  vary the n-mber of 
b a r r i e r  doublets u n t i l  bes t  performaxe i s  azhieved. 

Injector /ablator  conpat ib i l i ty  t es t  

5.2.2.2 Ascent Propulsion Component 

Prelimiaary cegotia%ions f o r  t h e  design and manufact-.re of 
ascent propulsion components f o r  t he  pressurizat ion and feed 
systems have been completed betwee2 GAEC and selected vendors 
and quotes on the  Test Program have been evaluated. A pur- 
chase order w a s  issued t o  S terer  Engineering Mfg. Co. of Los 
Angeles, California t o  supply the H e l i u m  Presswe Reducing 
Valve (LSC-270-715) for the  pressurizat ion system. 
of t h e  ascent propulsion components i s  tabulated i n  Table 5.0 
(Tes t  Program Progress). 

The stabis 

A s  purchase orders are issued, a l i s t  of accepted vendors will 
be included i n  the  next repor t .  

5.2.3 Reaction Control Subsystem 

5.2.3.1 Propellant System and Thrust Ghamb,er AssemtLy - Marq=;ard+ 

Testing on the  workhorse @laster i n  C e l l  9 was conclcded d.z- 
ing t h e  l as t  q u y t e r .  T e s t  results ind ica te  t h e  l i n e  dynamics 
influence pulse performance and reproducibi l i ty  imreases  w i t h  
pulse width and off time. Further c lus t e r  t e s t i c g  has been 
cur ta i led  mti l  a f i n a l  S,/M engine design has been frozen. 

A t  t h e  present time the S/M engice design consis ts  of a two 
piece combustion chamber, joined mechanicalPj. Major problem 
areas of the S/M engine which must be resolved are  (1) high 
chamber pressure spikes result ir ,g i n  shat ter ing of the  ergine,  
and (2) passive thermal nanagement. 
posed design changes (pre-mix chamber, valve tirnixg, increased 
w a l l  thickness.  . . e tc .  ) are  present ly  bein,g ?o-ndu-ted t,? de- 
termine solutions t o  t h e  spikicg problea. 

TestLsg of various, pro- 

, 
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5.29 CAGE 

5.2.3.1 Propellant System ard Thrwt Chmber Asse;ri,”ly-Wq zrd5 (cc;xt d) 

A decision was made t o  rexove the prope l l z i t  b-ns-5 d isc  md 
screen assembly. The d e c i s i m  w a s  arl-ived at  &%er revi3wing 
the  design and system operatio;? reqf i renents  of t he  RCS. 
Marquardt was  no t i f ied  t o  s%p all effort assoc ia tx l  with t;h& 
propellant burs t  d i sc  m d  szreei  assembly. Marqurzrdt was also 
not i f ied  t h a t  t he  maic line shuZ-off valve would naw be eomm-, 
usage with the  Grunmm sapplied ascent intercome25 valve.  
TMC was rel ieved of any r s s p m s i b i l i t y  for t he  pro?-irenez+, 
of t he  main l i n e  shut-off valve.  

5.2.3.2 RCS P r o p e l l a t  Tankage - S e l l  

The preliminary design review was held at S e l l  GZZ iflay 21  a?i4 
22. Agenda items were: 

1. Test Plans 

2 .  Re l i ab i l i t y  

3. S t ress  Analysis 

4. Weight & Volume Calculat iois  

5 .  Vibration Parameters 

It w a s  agreed during the  discussion of t he  t e s t  plans t h a t  
during d i f fuse r  tube f e a s i b i l i t y  t e s t i z g  the  t e s t  l5vels 
would be increased to 1.5  of qua l i f ica t ion  l eve l s  t o  determine 
point of f a i l u r e .  
d i ze r  tank will be vibrated a t  mbiei+,  temperatwe m d  p r e s s z e )  
f u l l y  loaded, to check f o r  c r i t i c a l  buckling. 

During the  f e a s i b i l i t y  t e s t  phase one oxi- 

Amendment No. 1 t o  the  s p e c i f i c a t i o i  w a s  s7ibxitted to Eel1 
f o r  review and SCP act ion.  The amendmert. i-ontains req-d.reaent;s 
for using ac tua l  propellants d n i n g  slosh, expulsion m d  volme 
ve r i f i ca t ion  t e s t s .  

B e l l  i s  experiencing excessive random bladder f a i l - a e s  011 t he  
Apollo propel lant  tanks. Development t e s t i x g  Las beex stopped 
pending E fld1 inves t iga t io i  i n t o  the  came cf the  f a i lu re s ,  
Preliminary r e s u l t s  ind ica te  one possible  caase i s  permeatxior 
of the propel lants  through the 3 m i l  bladtkrs camir,g separa- 
t i o n  among the  plys .  
quired before t h e  exact cause of f a i l u r e  can be deC,%mized.. 

Further labcratory t e s t i n g  w i l l  be re- 

5.2.3.3 .” >RCS Helium and P rope l lmt  Components 

Table 5.0 l i s ts  the s+,at;-s af all the  RCS cornpo::erks, PrcposaLs 
have been received md evaluated f o r  a l l  +,‘he h e l l m  a d  pra- 
pe l l an t  components. Veridor regc t ia t ioxs  are i n  prczess f o r  
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5.2.3.3 RCS H e l i u m  and Propellant Corr;poler,ts 0 coritinued ) 

all t h e  components except t he  propei la?t  filtsr arid explc-' ulve 
valve. Recent changes have occurred ic  the RCS componefi5s as 
directed by NASA le t te r  EP-4-10-64-213 da-hed 19 May 1964 whi2.h 
affects  t he  procurement doc-ment status. GAEC w a s  considering 
a dual i n i t i a t o r  explosive valve. YAS4 has d i rec ted  5hat W C  
use two s ingle  i n i t i a t o r  explosive valves i n  parallel. This 
d i rec t ion  w i l l  reqdre rev is ian  t o  t h e  design control  speciffea- 
t i on .  

4 
2 

NASA has d i rec ted  t h a t  t h e  propellant manifold crossfeed valves 
be solenoid operated instead of explosive aztuated. The desigrz 
control  specif icat ion f o r  t k e  explosively azt-ated crossfeed 
valve has been cancelled. The crossfeed valve w i l l  m w  xse 5he 
same valve as the  ascent ixiterconnect valve. 
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The propellant gromd tes t  coxplirig has been e l in ina ted .  A 
f i l l - d r a i n  coicpling will be used clovmstrem of the  propellant 
main feed shut-off valves t o  service the f u e l  manifold. 

5.2.4 S tab i l iza t ion  and Control Subsystem 

5.2.4.1 Rate Gyro Assembly (RGA) - Kearfott 

Program Plan f o r  the  RGA, mbmitted t o  G r m a n  f o r  approval, 
was reviewed by Re l i ab i l i t y  and comments are comtained i n  
LMO-550-317. The RGA i s  i n  the  Pesign Feas ib i l i t y  phase of 
t he  Development Program and T e s t  Plans are now boing prepared. 
The Monthly Progress Reports ind ica te  +,hat t he  program i s  
about two (2) weeks behind schedule, however, Kearfott expresses 
confidence t h a t  they will be back 0x1 sche3d.e withi- t he  rext 
f e w  months. 

5.2.4.2 Atti tude And Translation Contra1 Assembly (ATCA) - RCA 

Negotiations with RCA were Zompleted i n  the  ear ly  p a r t  of 
April  w%th p rogrm gc-&-ead gLvelz nn A - p r i l  29. RCA subni t tea  
a Program Plan f o r  t h e  ATCA which w a s  reviewed and r s jee ted  
by r e l i a b i l i t y .  Comments t o  t h i s  Program Plan are corkabed  
i n  LMO-550-338. Presently, there  i s  no progress tc report  
except f o r  a request by RCA t a  use analog integrated e i r c d i t s .  
RCA's request i s  based on the  f a z t  that integrated circuritry 
w i l l  decrease power and weigh+,, ard increase r e l i a b i l i t y .  An 
evaluation of t h e i r  proposed c i r c u i t s  is now i n  progresz. E e  
e n t i r e  subject  of analog integrate? e i r c d t s  i s  being invest,i- 
gated at  t h i s  writ ing md will be reportad -En the  next Q:ar$sr- 
ly Report. 

P 
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5.2.4.3 

5.2.4.4 

5.2.4.5 

5.2.4.6 

5.2.4.7 

5.2.4.8 

5.2.4.9 

Gimbal Drive Actuator (GDA) - AiResearch 

Proposals f o r  t h e  GDA, received from Kearfott, L e u  Siegler,  
AiResearch and Nash Controls, were reviewed and eva lmted  
by Rel iab i l i ty .  The overa l l  engineering evaluation r e s -d t ed  
i n  Garrett AiResearch being selected as vendor. LatesC, 
r e l i a b i l i t y  requirements were submitted t o  the  subsystem 
engineer f o r  incorporation i n t o  the  specif icat ion during 
negotiations which are schedded to start ear ly  Eext quarter .  

Att i tude Controller Assembly CAW) 

The simplified Desigr, C r i t e r i a  and Re l i ab i l i t y  Assxrawe 
requirements were submitted for incorporatiox in to  t h e  ACA 
specif icat ion.  An amendment has been wri t ten 30 t he  R e l i -  
a b i l i t y  Assurance and Qual i f ica t ion  Tests and following 
review and sign-off t he  spe>zifics;tion and vendor reqxirements 
w i l l  be submitted witin tine TTQ. 

Descent Engine Control  Assernbly (DECA) 

The proposal f o r  t he  DECA from RCA, i s  scheduled t o  be 
received during the next reporting period. 

Att i tude Reference Assembly (AM) 

Engineering evaluation of the ARA proposals w a s  completed 
and vendor select ion i s  now awaiting NASA approval. 

Abort Programmer Assembly (APA) 

The procurement documents f o r  t he  APA have been completed, 
but have not yet been released f o r  quote. 

Translation Controller Assembly (TCA) 

The TCA specif icat ion contains t h e  same simplified Design 
Criteria and Re l i ab i l i t y  Assrxraxe requirements as the  ACA. 
During t h i s  quarter t h e  spec i f ics t ion  w a s  released fcr  
engineering review and subsequently sigced-off. 

In-Flight Monitor Assembly (IFMA) 

Procurement documents for t he  IFMA are i n  the  prelirrjnal-y 
stages of preparation and have nct  y e t  been released f o r  
engineering review. 
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5.2.5 

5.2.5.1 

5.2.5.2 

5 a2.5 *3 

5.2.6 

5.2.6.1 

Environmental Control Subsystem (ECS) 

W C  ECS Section Feas ib i l i t y  Tests 

Design f e a s i b i l i t y  t e s t s  plans have been prepared f o r  s i m x -  
l a t i n g  t h e  Heat Transport, Water M a g a n e n t  and Oxygen 
Supply Sections. These t e s t s ,  which w i l l  simulate sect ion 
hardware and configuration layout, are t o  be conducted f o r  
the purpose of providing preliminary data on pressure drops, 
mass flow cha rac t e r i s t i c s ,  temperature e f f e c t s  and i n t e r -  
ac t ion  e f f e c t s  between these parameters. 

ECS Components And Assemblies - Hamilton Standard (HSD) 

LSP-330-23, incorporating the  Re l i ab i l i t y  Boundary Coaditions 
i n  accordance w i t h  the  revised r e l i a k i l i t y  assurance inpcts  
t o  vendor spec i f ica t ions  (reference L P L - ~ ~ G - U )  was reieased 
t o  HSD. 
n e l  has been provided $0 HSD f o r  the  purpose of scheduling 
the t e s t s  and f a c i l i t y  usage t o  neet t he  val idated G r m a n  
tes t  log ic  based on the  del ivery schedule i n  compliance 
w i t h  t he  Shea Study. 

Technical ass is tance by Re l i ab i l i t y  Assurance person- 

The design and pre-development phase of operations a t  HSD 
is  phasing out with subsystem components being released for 
fabr ica t ion  and corresponding development test plans being 
prepared and submitted f o r  G r m m a n  approval. 

P a r t i a l  Pressure Carbon Dioxide Sensor - Perkin - Elmer 

Perkin - Elmer's contract  w i t h  MSC w a s  reviewed t o  ascer ta in  
whether the presently scheduled qua l i ty  asmrance provisicns 
adequately cover the  G r m a n  Re l i ab i l i t y  Assurance require- 
ments. 
subsequently amended the contract  with Perkin - Elmer t o  
include addi t ional  t e s t i n g  and s t ress - to- fq i lure  t e s t s  re- 
quested by Grurmnan. Additional recommendations concerning 
the  Perkin - Elmer t e s t  p rogrm are under preparat icn and 
w i l l  be forwarded t o  MSC. 

Preliminary comments were telephoned t o  MSC which 

E lec t r i ca l  Power Subsystem (EPS) 

Power Generat,ion Section (PGS) 

?ontract  No. NAS 9-1100 REPORT WR- 5 50-6 
Primary No; 760 DATE 1 A - i i d s t  1954 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



5.33 

5.2.6.1.1 Fuel Cell  Assembly (FCA) - P r a t t  & Whitiley Aircraf? (PWA) 

Preliminary discussiocs were held with PWA Ir def ic icg  ->he 
r evi  s ed R e 1  i a b i l i t y  As s u r a x e  requirements c o:2t aii?e3 ir! 
LVC-391-002. Follow up coordiria5ion meetings a re  sche&deZ 
t o  fu r the r  def i re ,  i n  d e t a i l ,  th?  technical  aspezts of t h e  
Rel i ab i l i t y  Assmance tests,  i n  addi t ioa t o  f a c i l i t y  avai l -  
a b i l i t y  and capabi l i ty .  

Design f e a s i b i l i t y  t e s t s  a t  PWA cG:ntilzued a t  an iccreased 
rate during t h i s  quarter =id are s - m a r i z e d  i n  'lakie 5L  

5.2.6.1.2 Cryogenic Hydrogen And Oxygen Storage And Sapply Tank 
Assemblies - AiResearch 

A coordination meeting at GAEC w a s  held ~Lt ' n  AiResearch 5s 
disucss technical  and s c h e d - ~ i n g  aspects of t he  Re l i a3 i l i t y  
Assurance requirements. The r e s u l t s  were re f lec ted  i n  the 
AiResearch Program Plan ss-3090 a d  w i l l  be f-iarther defiried 
i n  t h e  forthcoming General Test Plan. 

5.2.6.1.3 Cryogenic ReactaRt Supply Conpoients 

Proposals were received f o r  t he  following coinponents and 
evaluated f o r  t h e i r  conpliarce with the  Re l i ab i l i t y  A s s w -  
ance requirements of t he  respective specif icat ions.  

1. Inters tage Quick Disconnect 

2. Latching Solenoid Valve 

3. Relief Valve 

4. Check Valve 

5.2.6.2 Power Distr ibut ion Section 

5.2.6.2.1 General Purp ose B v e r t e r  

Eight (8) Vendor Proposals were received arid evaluated f o r  
compliance with the Re l i ab i l i t y  Assurance req.;iiremei?.ts of 
LSP-390-6. The r e s u l t s  of t h e  evaluation a re  d e t a i l e l  ard 
tabulated i n  LMO-550-298, May 7, 1364. Final  proczremen-5 
procedure w i l l  commence upon rece ip t  of direct ion by MSC. 

5.2.6.2.2 E lec t r i ca l  Power Distr ibut ion CoEponents 

Procurement documentatioa cn c o q o i e n t s  has progresse3, as 
indicated i n  Table 5.0. 
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5.2.6.2.2 Electrical .  Power C i s t r ib i t i on  Componel.l+s (sontinued) 

Vendor Proposals f o r  C i r z d a r  Cumeetors (3) have bee3 
received and evalmted as t o  t h e i r  Zompliance with t h e  
Re l i ab i l i t y  Ass -uaxe  req-iiremexts of Specification LSP- 
390-8. 

5.2.7 

5.2.7.1 

5.2.7.2 

5.2.7.3 

5.2.8 

5.2.8.1 

Ins  t r m e n t  at  ion 

Pulse Code Modulatior and Timing Ele i t ronic  Assembly 
-(PCM/TEA) Radiation, Inc.  

The PCM/TEA i s  prcgressing i n  i t s  design f e a s i b i l i t y  stage.  
The Thermal Feas ib i l i t y  Model T e s t  Plan LPC-1480-2 and the  
Mechanical Feas ib i l i t y  Model Test Plan PC-1480-1 have been 
reviewed and found t o  be aczeptable. A Detail T e s t  Report, 
LTR-1480-1, of t h e  Exploratory Vibration Tests on t h e  
Mechanical Model was  received during the  pas t  quarter. 
Comment on t h e  t e s t s  w i l l  be reserved since the  t e s t s  w i l l  
be rerun with a redesigned simulated cold p l a t e .  No other 
t e s t  reports  have been received t o  date. 

Caution and Warning Electronic Assembly (C&wEA) 

The C&wEA Design Specification and Vendor Requirement Docu- 
ments were released during the  pas t  Ta r t e r  and submitted 
f o r  bids .  
current ly  under evaluation. 

Vendor proposals have been received and are 

OBCE. SCEA and DSEA 

The following Instrumentation spec i f i ca t iom are  under prepa- 
r a t ion  and Rel iab i l i ty  inpilts have been szbmitted f o r  inclu- 
sion: OBCE, S@A, and DSEA. 

Communication Subsystem 

VHF In f l igh t  Antennas ( G r i m a n . )  

Concentrated e f f o r t s  are being made i n  the  Development T e s t  
Program t o  design a setup whereby t h e  VHF antennas can be 
tested under Ultra  High Vacwm conditions a t  f u l l  radiated 
power, a Rel iab i l i ty  Ass-xranze requirement. The purpose 
of t h i s  t es t  i s  t o  obtain performanze information under 
c r i t i ca l .  environmental eonl i t ions and t o  t e s t  f o r  a f a i l u r e  
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. Approximate Prelaunch 
Mission Levels or Ranges Condition 

5 -39 P A G E  

Simplified 
Test Level 

0 

0 

I 

I 

t 

Sinusoidal 

Random 

5.2.8.1 VHF Inflight Antennas (Grumman) (continued) 

5.0g 
5 to 500 cps 
O.O783g2/cps 

mode known as multipacting, a phenomenon characteristic of 
high power levels, enclosed areas, high vacmm and a com- 
paratively long mean-f ree electron path (i . e., to produce 
secondary mission). With the selection of the microwave 
absorption material and completion of the design of the 
enclosure configuration (simulation of a free spa-ce con- 
dition) the abcve test will be implemented. 

5.2.8.2 VHF Diplexer (Grumman) 

Negotiations for the VHF Diplexer were completed during the 
week of May 18 with the Rantec Corporation. Agreements 
were reached to implement the Simplified Design Environmental 
Test Program that iqoses much higher levels and ranges 
than the expected Prelaunch or Mission environments w i l l  be, 
See Chart I. 

I Vibration I I I 
2% 
5 to 3ooocps 
O.6g2/cps 

Included in the Reliability Assurance requirements i3 a 
500 hour run test to check for degradation and drift of any 
of the electrical characteristics of the unit. This test 
will also reveal the degree of maintainability required for 
the VHF Diplexer. 

' 5.2.8.3 Manual Coaxial RE' Switches 

The Simplified Design Ehvironmental Criteria is being imple- 
mented for both the VHF' and S-Band Coaxial Switches which 
have been incorporated in the Coaxial RE' Switch Specification 
LSP-380-7A, dated June 3, 1964. 
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5 -2.9 Radar 

During this period RCA continued with the breadboard model 
designs of the Rendezvous Radar and Transponder and initiab 
ed the fabrication of hardware and procurement of parts for 
the first two Experimental Models. Early significant tests 
were the exposure of the High Power Multiplier chains sub- 
assemblies to elevated temperatures to investigate stability 
characteristics and check for any performance degradation. 
Special attention is being given to Hp Multipliers as they 
are composed of critical Microwave Circuits and contain com- 
ponent s of relatively unproven Reliability. [e. g . , Varactor 
Diodes). 

Toward the latter part of this period RCA was informed of 
the revised Reliability Assurance requirements as outlined 
in the Section 5.0 of the last Quarterly Report. 
the evaluation and near institution of the Flight Crew 
Systems Eiviaion at;;djr, an evalm%ion to yrovide an adrlition- 
al capability for the Rendezvous Radar to measure, during 
ascent, altitude and velocity accurately in case of an abort 
condition, some delay was encountered in implementing the 
Reliability Assurance requirements. One significant change 
in the Reliability Bomdary Tables was the shifting of the 
Landing Radar Electronics from the Ascent Stage to the 
Descent Stage requirements. 
The Transponder Antenna Design Control Specification was re- 
leased on April17, 1964 containing the Simplified Environ- 
mental Design Criteria and %he detailed Reliability Boundary 
test requirements. 

Due to 

5.2.10 Structures and Materials 

5.2.10.1 Ascent Stage Propellant Tank 

The selected vendor for the Ascent Stage Propellant Tank is 
Aerojet. During the negotiation phase the responsible reli- 
ability engineer assisted the Vehicle Design and Integration 
Group in, clarifying and delineating Aerojets development 
test rationale. 

5.2.10.2 Descent Stage Propellant Tank 

No Reliability Assurance tests were performed on the Descent 
Stage Propellant Tanks during this quarter. 
Assurance Group continued their swaillance by reviewing 
Allison's test plans for the forthcoming design feasibility 
test. 
Table 5.0. 

Reliability 

A full listing of the teet plans are presented in 
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5.2.10.3 Electro Explosive Devizes (Em) 

Design Feas ib i l i t y  t e s t s  are i n  progress on pyrotechnic 
devices t o  be used on Separaticln Stage Devices and the  land- 
ing Gear Uplock Devices. 
t e s t s  i s  t o  supply information t o  be used i n  the  prepara- 
t i o n  of procurement dcxmentation. 

The primary objective of these 

' During t h i s  reporting period, NAA procurement Specif icat ion 
MC 453-0009B, E lec t r i ca l  Hotwire I n i t i a t o r ,  proposed as a 
common usage i t e m ,  w a s  reviewed t o  determine i t s  compatibil- 
i t y  with LEN requirements. This review i s  covered i n  LMO- 
550-327. 

5.2.11 Crew Provisions 

Crew Provisions a z t i v i t i e s  during t h i s  quarter  consisted 
mainly of monitoring the  6 v o l t  versus 28 v o l t  incandescant 
lamp tes t  program. This tes t  has t h e  unique r e l i a b i l i t y  
Stress-to-Failure t e s t  concept i n  the  plan. Breifly,  s ix-  
teen groups of lamps (each group representing d i f f e ren t  type) 
w i l l  be subjected t o  a random vibra t ion  tes t  at  the an t i c i -  
pated mission l e v e l  and duration. The lamps w i l l  then be 
subjected t o  fu r the r  exci ta t ion a t  spec t ra l  density l eve l s  
increased by 10% throughout t h e  frequency spectrum f o r  four  
minutes. This process, with spec t ra l  densi ty  l e v e l s  increased 
incrementally by lo$ w i l l  be continued u n t i l  a l l  the t e s t  
specimens have f a i l e d .  By u t i l i z i n g  th i s  s t ep  stress process, 
t h e  ac tua l  s t rength margin of t he  lamps w i l l  be determined. 
This information i n  turn  w i l l  be used i n  t h e  se lec t ion  
process. 

A l l  other a c t i v i t i e s  during t h i s  quarter  were minimal. D u r -  
ing the  forthcoming quarter it i s  ant ic ipated that  r e l i a b i l -  
i t y  plans f o r  the  t e s t i n g  of t he  control  panels, support 
and r e s t r a i n t  system, and l i gh t ing  sections w i l l  be i n i t i a t e d .  

5.2.12 Controls and Displays ~~ 

During the  pas t  quarter,  t he  Re l i ab i l i t y  Assurance and t h e  
Re l i ab i l i t y  Boundary Table inp-ats t o  t h e  applicable design 
control specif icat ions have been modified t o  conform t o  the  
new St ruc tura l  Analysis requirements. However, the  majority 
of equipment specif icat ions are not released f o r  competitive 
bidding as of t h i s  date. A l i s t i n g  of modified specif ica-  
t i ons  as w e l l  as those released f o r  Vendor Negotiations i s  
presented i n  Table 5.0. 
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5.2.13 Ground Support Equipment - GSE 

The Re l i ab i l i t y  test e f f o r t  f o r  GSE was broadened i n  scope 
as the  r e s u l t  of CCA's 29 and 51. 

Various types of GSE have been categorized i n  accordance with 
t h e i r  intended use and c r i t i c a l i t y  as shown i n  Para. 6.2. 
The tes t  program f o r  GSE based on these categories has been 
i n i t i a t e d  and equipment specif icat ions are being reviewed 
accordingly. 
quarter i s  presented i n  Table 5.0 

The l i s t  of documents reviewed during t h e  pas t  

5 -3  System Testing 

The System Test Program planning has been revised as follows: 

Name 

LTA-1 
LTA-2 
LTA-3 
LTA-4 
LTA - 5 '- 

LTA-6 
LTA- 7 
LTA - 8 
LTA-9 
LTA-10 

Vehicle IVame 

Integrated System (House Spacecraft) 
Dynamic Test 
S t ruc tura l  Test 
Environmental Development 
Propulsion & Combined Systems 
CSM/LEM Cornpat i b  ili t y  
Environmental Demonstration 
CSM/LEM Environment & Compatibility 
Propulsion & Combined Systems 
S-IVB Adapter/LFSI Model & Separation 

T e s t  
Lo c a t  ion 

GAEC 
MSFC 
GAEC 
GAEC 
WSMR 
NAA: 
MSC 
MSC 
WSMR 
NAA 

The Re l i ab i l i t y  T e s t  Requirements are being prepared f o r  t h e  
individual LTA T e s t  Plans. These requirements w i l l  be trans- 
l a t e d  in to  tes t  objectives f o r  pa r t i cu la r  t es t  runs on LTA-1, 
LTA-4, LTA-5, LTA-7 and LT%-8. The object of t h e  Re l i ab i l i t y  
T e s t  Requirements i s  to cover areas of t es t  missed i n  the  
subsystem inputs to the  test  planning. 
e f f o r t  to date has been mainly directed t o  the LTA-5 WSMR 
T e s t  Plan. 

The r e l i a b i l i t y  

5.4 F l ign t  Development Program 

During the  quarter ly  report ing period the  Apollo Spacecraft 
Development Test Plan (ASDTP) has been updated to define 
the  ASDTP f o r  t he  purpose of building fl ight development 
mission requirements. 
of developing a document f o r  MSC to control the Apollo 
development program. This document w i l l  contain LEN and FTA 
f l i g h t  t es t  mission planning assignments and def in i t ions  of 
each LEM mission. 
insure the ava i l ab i l i t y  of data to support t he  estimation 
of the  numerical r e l i a b i l i t y  of each subgystem. 

These requirements w i l l  be the bas is  

This tes t  plan w i l l  be monitored to 
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6.1 Maintainabi1it.y 

The Maintainabili ty e f f o r t  f o r  thPs quarter ccnsis ted of :  

1. Development of a fechntque tc quantify R e l i a b i l i t y  during 
the prelaunch phase of cpwar icns  (LEM Maintainabili ty 
Analysis ). 

2. Review of specificai;ions, vendor requirements, and vendor 
proposals. 

3. Monitoring vendor rnaint.aixibillty e f f o r t s  through review 
of Monthly Progress Repcrts and attendance a5 vendor/ 
GAEC Maintainabili ty Eeview Meetings. 

Par t ic ipa t ion  i n  the Prelaunch Chsekout, Meetings a t  AMR. 

Par t ic ipa t ion  ic > K C / X i Y  G and N work g r c q .  

4. 
5. 

The L E M  Main+,ainability Analysis i s  the techniqae developed 
t o  quantify Re l i ab i l i t y  dcnlPing the prelaunch phase of opera- 
t i ons .  The analysis u t i l i z e s  a Re l i ab i l i t y  Analysis Form, 
a Maintainabili ty Requirements and Task Analysis Form, and 
a curve p lo t t i ng  Un-reliability (Q, 1-3) versus time of LEM 
processing events. For each scheduled event an estimate i s  
made of the  unscheduled even5s thaC m a y  take place as a 
r e s u l t  of the schedLled event,. The f a i l m e  modes of each 
"Replaceable Equipment" a re  assessed and the planned test .s  
and checkouts are  analyzed t,c determine the cantr ibut ion 
of each f a i l u r e  mode tc J n r e l i a b i l i t y  during the Prelaunch 
Checkout phase of operations. A t e s t  which va l ida tes  t h a t  
a mode of f a i l w e  has cot. taken place reduces the  Unrelia- 
b i l i t y  of t h a t  mode tc; zero f o r  t h a t  ins tan t  of t i m e .  

6.1.1 Promls ion  Subsvstem 

I n  response t o  a G&C request,  Rocketdyne prepared an i n i -  
t i a l  "Failure Mcde and Effec t  Maintainabili ty Analysis. 
This was preseiited a t  a Rcck?tdyxie/GMC ?4zintainahi1ity 
meeting a t  Bethpage. The Analysis a l so  was published as 
p a r t  of Rocketdyne's McnThly Prcgress Repcrt R-5205-12. 
This analysis  covers the 180 day prelaunch period, and i s  
useful  t o  GAEC i n  the preparat icn of the L E M  Maintaina- 
b i l i t y  Analysis. 
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6 . 2  

6.1.1 Propulsion Subsystem (cont imed)  

The Preliminary LEM Maintainabili ty Analysis has been com- 
p le ted  f o r  the R.ocketdyne Descent Engine and w i l l  be pEb- 
l ished short ly .  

The prelaunch r e l i a b i l i t y  (operational readiness ) g o d  f o r  
the Descent engine was es tab l i shed  as 0.99991, one order of 
magnitude grea te r  than the  mission success goal. 

The preliminary analysis  consisted of oi-i~y four (4)  items 
on the  engine. It was determined t h a t  these items represent 
approximately 70 per cent of the Unre l i ab i l i t y  of the engine 
during the prelaunch period. 

The analysis  indicates  t h a t  the Operational Readiness f o r  
these four (4 )  items i s  .97949. 
s ign i f icant  enough t o  j u s t i f y  changes t o  the sequence and 
scope of the prelaunch checkout plan and t o  recommend acces- 
s i b i l i t y  t o  the descent engine a t  the Launch Pad t o  allow 
f o r  t e s t i n g  and replacement of c r i t i c a l  items. Incorporation 
of these changes t o  Prelaunch Checkout Plan and t o  design, 
i n  addi t ion t o  updating of the  maintainabi l i ty  analysis,  w i l l  
be the  major e f f o r t  expected during the next quarter report-  
ing period on the  Rocketdyne Engine. 

These r e s u l t s  axe considered 

The Maintainabi1it.y Analysis for the  STL Descent Engine i s  
i n  progress. 
STL was  informed t h a t  it wmld be desirable  t c  be able t o  
replace f a i l e d  items on an i n s t a l l e d  engine, r a the r  than 
replace the  engine during the prelaunch phase of operations. 
The following c r i t e r i a  was  suggested t o  determine the prac- 
t i c a l i t y  of replacement of assemblies: 

1. Signif icant  probabi l i ty  of failure. 
2. 
3. Abi l i ty  t o  i so l a t e  failure i t e a  
4. 
5. Feasible reval idat ion reqcirements 
6. No hot  f i r i n g  requirements. 

A t  a recent S4TL/GAEC Maintainabili ty Meeting, 

Abi l i ty  t o  detect  a l l  modes of fa i lure .  

Accessibi l i ty  f o r  removal and replacement 

Using the above c r i t e r i a  as screens, STL was requested t o  
review t h e i r  engine design and recommend items which should 
be made replaceable. 
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6.1.2 Reaction Control SLbsyst,em 

The Maintainabili ty Analysis f o r  the Reaction Control Sub- 
system i s  i n  progress. Documents u t i l i z e d  f o r  t h i s  analysis  
include the LEM Prelaunch Checkout Plan (LPL-610-3), Basic 
LEM Measurements L i s t  ( L E D - ~ ~ o - ~ ) ,  L E M  Maintenance Plan 
(LPL-635-1A), Fmc5ional Requirements f o r  L E M  Subsystem 
Controls and Displays (LED-480-1B), and other  vendcr and 

, GAEC publications.  

A Logistic Support meeting between Tne Marquardt Ccrporation 
and GAEC personnel w a s  held a t  Bethpage. Problems regard- 
ing RCS maintainabi l i ty  were d i scxsed :  spec i f ica l ly ,  the 
capabi l i ty  f o r  replacing ind iv id i a l  compcnents without r e -  
placing major assemblies. F G ~  instance,  Maintainabili ty 
expressed the need for individual  rep laceabi l i ty  of f i l t e rs ,  
or i f ices ,  and th rxs t  chamber assemblies, ra ther  than the  
replacement of a complete c lus t e r  assembly. 

4 

6.1.3 Communications Sub system 

A preliminary study of the  Communications Subsystem was 
performed i n  order t o  e s t ab l i sh  the lowest replaceable uni t  
within the  subsystem. This study w a s  made t o  determine 
the l eve l  of maintainabi l i ty  and t o  present the r e s u l t s  t o  
the LEM Communications Subsystems G r c ~ p  f o r  consideration 
i n  the design of the communications equipment. 

The Maintainabili ty concepts follcwed f o r  t h i s  study are 
as follows: 

1. After the equipment has been i n s t a l l e d  on the LEM, m a l -  
functions w i l l  be i so l a t ed  t o  an Electronic Replaceable 
Assembly (ERA) and t o  the lowest repilaceable ?wit i f  
performance, weight, and/or r e l i a b i l i t y  are  not s ign i f -  
i can t ly  effec+,ed. 
the ERA w i l l  be removed from the L E M  and sen t  to the  
bench f o r  fur ther  f a u l t  i so l a t ion .  

Meanwhile another qua l i f ied  ERA w i l l  be mechanically but 
not e l e c t r i c a l l y  connected i n  the U M .  
be applied t o  the replacement ERA u n t i l  it has been 
determined t h a t  the  detected malfunct.ion has not been 
induced from a source ex terna l  t o  the subject ERA. 

When a malfunction has been detected, 

Power w i l l  not 
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6.1.3 Communications Subsystem (con+_in.Aed) 

2. Pr ior  t o  integraLicn o f  nzw equipment in to  the LEM and/ 
o r  while a f a i l ed  ERA i s  cn the bench, malfunctions 
w i l l  be i so l a t ed  t o  %he lcwest replaceable un i t  and i f  
possible t o  a compcnent, l eve l .  

3. A r epa i r  i s  considered ts have been made after the fo l -  
lowing s tzps  have been ccmpleted: 

a. The f a i l u r e  has been i so la ted  t o  a replaceable uni t  

b. 

within the ERA. 

The malfunctioning replaceable uni t  has been removed 
from the ERA and a qua l i f ied  spare (replaceable u n i t )  
has been in s t a l l ed  a5 the vendor's f a c i l i t y  or  a t  
GAEC . 
The ERA has been f m c t i o n a l l y  t e s t ed  i n  compliance 
with acceptance t e s t  procedures. 

e.  

The study a l so  presents s iggest icns  fcr c i r c u i t  layout tha t  
would permit faul t  i so l a t ion  t o  a l eve l  lower than the re- 
placeable uni t .  Pabit i s o l a t i c n  t , ~  a replaceable un i t  i s  
not t o  preclude the  capabi l i ty  t o  perform more extensive 
f a u l t  i so l a t ion  t o  the component o r  piece pa r t  l e v e l  a t  AMR 
and/or GAEC and/or the vender 's  f ac i l i t l y .  

During t h i s  reporting per iod,  ccordination meetings were 
held with RCA t o  d iscws:  

1. Details of the  usage of the GSE and in - f l i gh t  connectors. 
The general ground r g l e  fe r  t h i s  discussion was t h a t  
there  would be no duplicate information on the connectors 
( i n  accordance with the in te rpre ta t ion  of the require-  
ments fo r  f l i g h t  measurements and the GSE guide l i n e s  i n  
the specif icat ions (Reference: LMO-550-323). 

2. Packaging 

a. Communications 

The RCA vendor proposes using a wire wrapped jumper 
technique instead cf the s p l i t  p in  w i r e  wrap f o r  
i n t e rna l  subassembly connections. Exceptions were 
taken t o  t h i s  techniqie  because of added weight 
(addi t ional  wire reqbired) and high probabi l i ty  of 
induced failures due t o  j;unper w i r e  chaffing under 
vibrat ion.  Wire chaffi.ng cculd result i n  an in-  
f1igh.t; failure and/or unscheduled maintenance dur- 
ing checkr,ut,. 



0 

a 

a 

6.1.3 Communications Subsystem (contini;ied) 

b. Radar 

The RCA vendor proposed using a skewered sequential  
packaging approach. Exception were taken t o  t h i s  
approach because : 

(1) Other replaceable subassemblies (cards)  must 
be disturbed while removing a f a i l u r e  sub- 
assembly . 

( 2 )  

(3) 

EMI gasketing would be disturbed. 

When a skewer i s  removed f o r  card maintenance 
or  fault i so la t ion ,  undue s t r e s s  would be placed 
on wire wrap connections of other subassemblies 
o r  cards. 

Special ins t ruc t ions  and too l s  m a y  be required 
t o  prevent overstressing vhen the skever i s  
t ightened during assembly o r  reassembly. 

(4) 

6.1.4 F l igh t  Control Subsvstem 

Preliminary e f f o r t s  have begun on the method and concepts t o  
be used inconducting a LEM Maintainabili ty Analysis on the 
F l igh t  Control Subsystem. A s  support information t o  the 
analysis  a fami l ia r iza t ion  study of the f l i g h t  hardware, 
ground support equipment capabi l i ty ,  Prelaunch Checkout Plan 
(LPL-610-3) and RCA Task 12 i s  being accomplished. 

h i n t a i n a b i l i t y  was represented a t  the RCS Checkout Working 
Group where the f l i g h t  control  port ion G f  the Prelaunch 
Checkout Plan, LPL-610-3, was  revised t o  be consis tent  with 
current  checkout c r i t e r i a  and with the gt::eral philosophy 
of end-to-end tes t  technique. !The Group e f f o r t  a l so  included 
the prgarat ion of a FCS integrated t e s t .  Maintainabi l i ty 's  
spec i f ic  input t o  t h i s  Group was t o  ascer ta in ,  within current  
l imi ta t ions ,  t h a t  the proposed tests are  conducted at t i m e s  
which ensure t h a t  the operat ional  readiness goal of the sub- 
system i s  met a t  launch. 

Maintainabili ty has a l so  been represented at the GAEC/MTT G 
and N Checkout Working Group. 

a. Prepare G and N r e l a t ed  checkoGt procedures for LTA's 

b .  Define f a c i l i t i e s  and GSE requirements t o  implement 

e. I n i t i a t e  checkout requirements. 

The sccpe of the  Group i s  t o :  

and LJ3M's. 

the t e s t  plans and procedures. 

~~~~- ~~ 
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6.1.4 F l igh t  Coctrol Subsystem (coct.inded) 

To support the e f f o r t s  of the Grodp, Maintainabili ty i s  
current ly  preparing a presentat ion t o  evalaate the merit  of 
performing a sys5em -Lest during s t a t i c  f i r i n g  of the ascent 
engine a t  AMR. 

6.1.5 Environmental Con-brcl Sfibsystem 

The L E M  Maintainabili ty Analysis f o r  %he Atmospheric Revi ta l -  
i za t ion  Section of 5he Envircnmental Control Subsystem i s  i n  
process. Inpats t o  the analysis  are the Hamilton Standard 
Design and Test Specif icat ions,  Tailure Mcde and Effec t  Anal- 
y s i s ,  and the GAEC Prelaunch Checkodt Plan (LPL-610-3). 

The maintainabi l i ty  of the Oxygen MGdule of the Atmospheric 
Revi ta l iza t ion  Section was analyzed. A s  a resu l t ,  suggesticns 
were made t o  re locate  several  valves in to  a more log ica l  
arrangement,. The re lcca t ion  cf these valves w i l l  a l so  
enhance maintainabi l i ty  frcm an accessibi l i t ,y  standpoint. 

6.2 Ground Support Equipmen5 

6.2.1 Summary and Discussion 

6.2.1.1 summary 

The R e l i a b i l i t y  effor’; Gn L E M  GSE dixing the past  quarter  
has been concentzated i n  the fcllowlng areas: 

a.  Evolution of a reliabili.t ,y program lr: Gmmd Suppor3 
Equipment ccmencing with c r i t i c a l i t y  c l a s s i f i ca t ions .  

Es tab l i sh  Specifica%ion and Vendor Requirement (VR) 
standard formats and review of va r iom GSE documents 
f o r  r e l i a b i l i t y  and maint,afnability requirements. 

c:. Review G f  ccrxmn- s z g e  3 E :  r e l i a b i l f t y  requirements. 

d. Review of F a i l w e  Mcde and Effect  Analysis (FMEA) 

e .  Evaluation c f  vendir proposals. 

b. 

techniques fcr LEM GSE. 
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6.2.1.2 Discussion 

a. A R e l i a b i l i t y  program specifying requirements f o r  a l l  
Ground Support Eqaipment i s  ncw a ccntractnal  require-  
ment. 
LEM R e l i a b i l i t y  has es tabl ished LEM GSE r e l i a b i l i t y  
c r i t i c a l i t y  c lass i f ica t ions ,  Table 6.2.1 which i s  being 
used t o  e s t ab l i sh  the dep5h of r e l i a b i l i t y  e f f o r t  on 
all Ground Scppmt Eqdipment. 

To f a c i l i t a t e  implementation of t h i s  program, 

The extent  of r e l i a b i l i t y  program tasks  tc be performed 
f o r  each c r i t i c a l i t y  c l a s s i f i c a t i e n  has i n i t i a l l y  been 
establ ished and c d t l i n e d  dwing  t h i s  repor t  period i n  
Table 6.2.2. 

A review cf emren t  -LEM 3SE end item eqLipment l i s t s ,  
References ( e )  and (d) ,  was perfcrmed and the equipment 
w a s  grouped acccrding ts c r i t i c a l i t y  c l a s s i f i c a t i o n  t o  
determine the qiiantity c f  i t ~ m s  ii each category. The 
following i s  a s y m p i s  cf t h i s  review: 

C r i t i c a l i t y  C l a s s i f i c a t i t n  Quantity O f  GSE Items 

MEE 62 

MSE 101. 
m 

m/TE 
29 

185 

377 

b. To f a c i l i t a t e  the r e l t a b i l 5 t y  review cf a l l  LEM GSE 
Procurement Gata Packages, standard formats of LEM GSE 
r e l i a b i l i t y  and maintainabi l i ty  requirements were estab-  
l i shed  t o  be incorpora5ed i n  %sign Control Specif icat ion 
and Vendor Requirement document,s. Fhese formats were 
released as enclosures t o  Reference (a) .  

When determined t h a t  it i s  no-t necessary t o  impose spe- 
c i f i c  r e l i a b i l i t y  requirements f c r  a GSE izern, a inem- 
randum i s  prepared and skbmitted j z s t i fy ing  the  waiver 
of re l iab i l i t iy  requirements. 

c .  During t h i s  repcr t ing pericd,  varicus L E M  GSE documents 

The s t a t x  i s  shcwn i n  "able 6.2.3. 
were reviewed fo r  r e l i a b i l i t y  and maintainabi l i ty  require-  
ments. 
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6.2.1.2 Discussion (continued) 

d. The common-usage GSE items (29) comprise roighiy 50 
per cent of the eqlipments i n  the Mission Essent ia l  
category. Discussions a re  i n  pr igress  between NAA 
GSE and GAEC Re l i ab i l i t y  personael t o  come up with 
a workable r e l i a b i l i t y  program plan f o r  handling the 
comon-%sage items. The ma22 pxrpose of t h i s  plan 
w i l l  be t o  assure NASA cf the ccnformance of these 
GSE items t o  LEM reliabilPty/malnTainability requil-e- 
ments. 

e .  E f fo r t  w a s  a l s o  expended during t h i s  repor t  period on 
a Fa i lure  Mode &A Effzcz Andp i s  procedxe  f o r  a l l  
GSE i t e m s .  A comparisor, was made between the NAA and 
GAEC formats. TtLe reascn f o r  t h i s  was  twofold: 

1. Since some (31) i t 2 e m s  of GSE w i l l  be common-usage 
equipmeats, the ITA-4 form was z-eviemd f o r  compati- 
b il i t y  . 
The ex is t ing  GAEC f c r m  diA net lend i tself  readi ly  
t o  the analysts of  GSE. 

2. 

The end res7Ci.t of t h i s  comparison w i l l  be t o  use a 
"hybrid'' form combining +he besf features  of the NAA 
and GAEC forms. 

The FMEA w i l l  be dclrie i n i t i a l l y  on a systems bas is  f o r  
MEE t o  determine the firs5 c r d c  effectss  of a GSE failure 
on the  primary GSE system, r e l a t ed  GSE,and the L E M  
spacecraft  and/or checkoxt or servicing function. 
w i l l  a l so  be a pwt cf t h i s  analysis $0 invest igate  
a l t e rna te  methclds of cbtaining t e s t  or checkout data  
assuming a fa i l -xe i n  the primwy syst,em 

It 

Par t s  of the FMEA may be done i n  ccnjunction with the 
Maintainabili ty Analysis. ?he access ib i l i t y  and r epa i r -  
a b i l i t y  of the GSE w i l l  be a prime consideration i n  
determining the e f f e c t  of a f a i l u r e  on the checkout 
sequence and any launch/hcld decisions. Malfunction 
detect ion capab i l i t i e s  CY tihe GSE sys-km will be e x a -  
ined t o  e s t ab l i sh  whether a given malfmxtion can be 
detected,  isolated,  and cczrected within a given t i m e  
span. 

The following GSE items have undergone a preliminary FMEA: 
a. 410-92210, PCM Carry-on 
b.  
c ,  410-92230, 2ata In te r leaver  

410-92210 thrczlgh -92214, Signal Conditioners 
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6.2.1.2 Discussion (continued) 

f .  Vendor proposals were reviewed on the L E M  Mission Simu- 
l a t o r  (440-43100), Supercr i t ica l  LO2 Development Bench 
(430-8120), and Supercr i t ica l  LH2 Development Bench 
( 43 0- 81 3 0 ) f o r  r e  1 i ab ili ty  /maint ainab il i t y  ade quac y . 
The ant ic ipated e f f o r t  f o r  the next quarter w i l l  include 
the following tasks: 

a. Attendance a t  common-usage design reviews. 

b. Continuation of spec i f ica t ion  review e f fo r t .  

e. Perform system FMEA on mission-essential  GSE. 

d. Continuation of proposal evaluation, vendor nego- 
t i a t i o n s  and surveil lance.  

e. Develop a v a i l a b i l i t y  requirements fo r  launch-associated 
GSE including appcrtiorment grcund r G l e s .  

6.2.2 Ceneral Functional Description 

6.2.2.1 ACE-@ 

The ACE-S/C Functional Block Diagram shown as Figure 6.2.1 
of Reference (b)  remains v i r t u a l l y  unchanged with the excep- 
t i o n  of the p a r t  numbers (which now r e f l e c t  the common-usage 
designation).  
because of t h i s  minor change. The r e l i a b i l i t y  block diagram 
of Reference ( b )  &so remains unchanged. 

No block diagram i s  included i n  t h i s  repor t  

6.2.2.2 Fluids  Support Equipment 

Functional block diagrams for the  four ( 4 )  major groupings 
of Fluids Support Equipment were nct available for inclusion 
i n  t h i s  repor t .  It is ,  however, planned t o  include them i n  
the  next s t a tus  report .  

6.2.3 References 

a. LMO-550-294, GSE R e l i a b i l i t y  Program 

b. LPR-550-5, F i f t h  Quarterly Re l i ab i l i t y  Status  Report 

c .  

d. 

LED-400-9, GSE End I t e m  Implementation Plan 

LED-400-11, STE End Item Implementation Plan 

LPR- 5 5 0- 6 
1 August 1964 
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TABLE 6.2.1 

LEM RELIABILITY GSE CRITICALITY CLASSIFICATIONS 

PRIMARY CLASSIFICATION 

MEE Mission Essent ia l  'Equipmnt (I&II 

GSE used as p a r t  of the launch 
complex; spec i f i ca l ly  t h a t  equip- 
ment, i f  f a i l u r e  occurred, would 
r e s u l t  i n  a personnel hazard, 
spacecraf t  failure, Loss of equip. 
ment or  causing long Lead repa i r  
and launch dela,y. 

MSE Mission Support Equipme-nt 

GSE used as backup t o  the launch 
complex f o r  r epa i r ,  checkout and 
maintenance; spec i f i ca l ly  t h a t  . 
equipment, i f  failure occurred, 
would not r e s u l t  i n  unsafe condi- 
t i ons ,  long lead  r epa i r  o r  launch 
delay. 

~~ ~ ~~~ ~~ 

MCE Mission Test Equipment 

GSE used f o r  t e s t i n g  and checkout 
of del iverable  equipment; i f  a 
failure occurred would not have a 
d i r e c t  e f f e c t  on the mission 
launch. 

IGJ/'TZ YLssioii Ikvelopxe;It/Trzining E c p t  

GSE used f o r  t e s t i n g  and checkout 
of non-deliverable equipmnt or 
t r a in ing  purposes only; spec i f i -  
c a l l y  t h a t  equipment having no 
contact with f i n a l  equipment. . 

:ENERAL LOCATION 
OF EQUIPMENT 

~ _ _ _ ~ ~  

AMR- 
Carry-on, 
Launch Umbilical 

Tower, 
Mobile Arming 

Tower , 
Ground Sta t ion ,  
Launch Area 

M Y  

Vert ica l  Ass'y 
Building , 

Operations and 
Checkout , 

Remote T e s t  
Are as 

GAEX 9 

wsm , 
Msc Y 

NAA , 
HSD 
and other vendor 
f a c i l i t i e s  

G M C  7 

and other vendor 
f a c i l i t i e s  

EQUIPMENT 

ACE S/C, 
ACE Support, 
Service Equipment 

(Fluids ) , 
Handling Equipment 
STU 

B W ,  
-sm , 
Service Equipment 

Handling Equipment 
(Fluids ) , 

HSTE y 

BTME , 
sm 9 ,  

Service Equipment 

Handling Equipment 
(Fluids ) , 

NOTE: The GSE Primary C r i t i c a l i t y  Class i f ica t ion  w i l l  govern the - 
Design Control Specif icat ion Re1ia;bility Requirements. 

Contract NAS 9-1100 LPR - 5 5 0 - 6 
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TABLF: 6.2.2 

RELIABILITY TASK WQUIREMFNTS 

CRITICALITY CLASSIFICATION 
RFLIABILITY TASKS 

Re  l i a b i l i t y  /Maint aipab i l i t y  
Assurance Plan 

FReliabil i ty Assurance Detail Plan 

Re 1 iab  il i t y  Estimate 

Pa r t s  Application and Standardi- 
zation 

R e l i a b i l i t y  Data L i s t  

Configuration and Ci rcu i t  Analysis 

Fai lure  Effec t  Analysis 

*Failure Mode Predict ion Analysis 

Fai lure  Reports 

Fall..De h a l y s i s  

MSE 

X 

X X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X 

Maintainabili ty Analysis X 

X R e l i a b i l i t y  Monitoring of Vendors ' 

~- 

Wnly I n  Special Cases 

Note: Individual Yequirements of each t a sk  are reduced i n  complexity 
as the c r i t i c a l i t y  c l a s s i f i c a t i o n  i s  reduced. 

- 
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:r it i c g l i t y  
Class 

MSE 

P a r t  Number 
r 

430-54200 

430-54400 

430-54600 

430-62180 

430-82720 

430-54700 

430-64420 

430-52120 

430-52160 

430-52210 

~ 

400-12040A 

420-63320 

420-63840A 

LSP 

I t e m  Name 

Transfer Unit, 2aselz.Lcs Oxygen 

Test U n i t  Assembly, Cabin Leakage 

Freon Supply TJnit 
rn l r i m  Coiitrol  Unit Assexbly , Yater/GlyccXL 

C a r t ,  Checkout, ReacSiou; Control System 
Loading Control Assembly, Propellant 

Leak Detector Assembly, Mass Spectrometer, 
Helium or  Eydrogen 

Stand Assembly, Cc.mpinents Test, Gaseous 
Oxygen 
Test Stand, Components, Water 

Stand Assembly, Components Test, Water/ 
Glycol 

Tzst Stand, He1i.m Components, High Pres- 
sure 

Potentiometric Re corder and Pndic a to r  
Components 

Force Ikaswement, System 

Actuation Subsystem, S t a t i c  Fir ing Test 
Stand 

Contract NAS 9-1100 LPR-550-6 
Primary No. 760 1 &Gust 1964 
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TABLE 6.2.3 

:r it i c  a l i t y  
Class ' 

Contract : 

?art Number 

410-3138 
410-3825 

410-7500A 

410-7600 

430-5500 
430-6320 

430-6330 

430-8120 

430-8130 

430-81h0~ 

430-8170 

410-1200W 

420-1300W 

430-180013Hc 

S 9-1100 

( c ont inEe d ) - 
LSP 

lt,em Name 

Similator Panel, Reaction Jet  Solenoid 

Signal Generating Equipment, Radar (Landing 
Radar and Rendezvous Radar) 

Fulse Code Y i 5 d a t i o i i  aEd TLxing Assembly, 
Deve lopmen!, Te s t S t  a t  ion For 

Caution and Wcning Electronics  Assembly, 
Development, Zest, EqLipment For 

In te rna l  Environmental Simulator 

Stand, Subst i tute ,  Fuel Storage and Trans- 
f e r  

Stand, Subs.t,iC,ute, Oxidizer Storage and 
Transfer 

Supercr i t ica l  and Liquid Oxygen Develop- 
ment Bench Assembly 

Supercr i t ica l  and Llquid Hydrogen Develop- 
ment Bench Assembly 

Fuel Cell  Test Bench Assembly, Development 
Gaseoxs 

Mass Spectrometer Leak Detectcr Assembly, 
Helium o r  Hydrcgen 

Electronic Eqiiipment,, LEN GSE, General 
Spec i f  i c a t  ion For 
Handling and Transportation Equipment, 
LEM and Gror;nd Support, GefieraL Spec. For 

Ground Support Equipment, LEM Fluid 
Systems, General Specif icat ion For 
GSE Fluid Distr ibut ion System Piping 
Crikria Specifica%ion 

pee i f  i c  a+;ion 

ntsrface Specif icat ion 

LYH- 

- 
t 
2 
rl 
3 

- 
X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

- 
LVR 

Primary No. 760 1 August 1964 
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7 

7.1 

7.2 

7.3 

7.4 

PARTS CONTROL AND EVALTJAT'IGN 

Acceptable Part,s L i s t  

Preliminary revisions of the  Ac.:eptable Pa r t s  L i s t  and 
Application Gcide, LED-5jO-25, inslzding revised derat ings 
f o r  all t r a n s i s t o r s  and sernicoqductor diodes, have been 
completed. 

A preliminary Acceptable Parfs L i s t  f o r  Gro-md SEpport 
Equipment/Special Test Ecpiprnext (LED-550-32) i s  being 
readied for dis t r ikx t ion .  

Pa r t s  Procurelnent Specifications 

Preliminary revis icns  of Generai (LSY) arid Detailed (Lsc) 
procurement specif icat ions f o r  t r a n s i s t o r s  and semicon- 
ductor diodes f o r  t he  LE51 vehicle have been prepared. 
These specif icat ions a re  intended t o  supplement t he  MIL 
specif icat ions with sxeen ing  requirements and with t es t  
l eve l s  and procedxres more nearly representat ive of ant ic-  
ipated lunar environmen3s. Present plans c a l l  f o r  provid- 
ing the  subcontractors with these spe2if icat ions for t h e i r  
use as guides i n  the preparation of t h e i r  p a r t s  prozurement 
specif icat ions.  

Par t s  Application and Liaison Al;tivit,ies 

Considerable qxant i t ies  of Type I documentation have been 
reviewed, including r e l i a b i l i t y  data l i s t s ,  procurement 
specif icat ions,  and requests f o r  approval of non-preferred 
pa r t s .  Primarily, these have been submitted by subcontractors 
such as RCA, Radiation, Ins . ,  Space Technology Laboratories, 
Bell  Aerosystems Co., Rocketdy-qe, Kearfott, Elgin National 
Watch Co., and Motorola. Routfqe review was conducted during 
t h i s  quarter  cn program plans, s t a tus  reports  (monthly and 
quarter ly) ,  f a i l u r e  repcr t s  and par is qua l i f ica t ion  pi-ogrms 
from the  subcontractors. 

AnticiDated Effor t  for t he  Next Qriiarter 

Work w i l l  cont ime cn sdpplementing a id  revis ing the  Aceept- 
able Par t s  L i s t  w-d Application Guide for t h e  LEN vehicle 
and a l so  f o r  Gro-md Support Eduipment/Special Test Equiphent . 

Contract No.  NAS 9-1100 LPR- 5 50- 6 
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7.4 Anticipated Effor t  for t he  Next Quarter ( continzed) 

There w i l l  a l so  be extensive review of (and comments on) 
subcontractor doementation. OGher areas of a c t i v i t y  
w i l l  include a continuence of t h e  preparation of p a r t s  
procurement specif icat ions and continued l i a i s o n  with 
p a r t s  manufacturers t o  assme G r m a n  t h a t  t h e  Pa r t s  
Control Program i s  e f fec t ive .  

In  addition, the question of t he  use of analog integrated 
c i r c u i t s  i n  LEM will be invest igated for the  purpose of 
making spec i f ic  recommendations t o  MSC as t o  the  con- 
d i t ions  under which these p a r t s  might be accepted f o r  LEM. 

~~ 
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8.0 DOCUMENTATION RE32ASED D'JTRINtS TKE FEPORT PERIOD 

8.1 Memorandums 

Number 

LMO-550-294 

LMO - 5 5 0- 296 

LMO - 5 5 0-297 

LMO - 5 5 0- 2338 
(Revis ion)  

LMO - 5 5 0- 298 

LMO- 550-299 

LMO-550-300 

LMO - 5 50- 301 

LMO-550-302 

LMO-550-303 

LMO - 5 5 0- 304 

LMO- 5 5 0- 306 

LMO - 5 50 - 307 

LMO - 5 5 0- 308 

Date - 
5-4-64 

5-5-64 

5 -5 -64 

5-6-64 

5-7-64 

5-7-64 

5-7-64 

5-8-64 

5-8-64 

5-8-64 

5 -12-64 

5-13-64 

5-18-64 

5-19-64 

5-19-64 

5-20-64 

T i t l e  

GSE Re l i ab i l i i y  Program 

CANCELLF,D 

PROPRIETARY 

FKFRIETARY 

Updated Alternate Paths For 
Determination O f  Mission Success 
For The Guidance Function 

PROPRIETARY 

R e l i a b i l i t y  Analysis O f  CSM 
Rescue O f  L E M  

PROPRIETARY 

PRCIPRIETmY 

Comments On Design Repcrt No. 1, 
Dated 16 March 1964 

PROPRIETARY 

L E M  R.eliabilit;y PNGS/SCS In te r face  
Ccnfigurat im Analysis 

ECS Quarter ly  Review Meeting A t  
Hamilton Standard On 12 May 1964 

PROPRIETARY 

Trip Repcrt - Apollo Checkout 
Panel Meeting NO. 1 O ( a ) ,  MSC, 
Houston, 7-8 May 1964 

Re l i ab i l i t y  Review 9f RCA Mont*hly 
Stat..x Report 

Lontract NAS Y-LLUU LPH- 5 5 0- b 
Primary No. 760 1 kigizst 1964 
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8.1 Memorandums (continued) 

Number 

LMO-550-309 

LMO-550-310 

LMO-550-311 

LMO-550-312 

LMO - 5 5 0- 3 14 

LMO - 5 5 0 - 31 5 

LMO-5 50- 316 

LMO-550-317 

LMO- 55 0- 318 

LMO - 5 5 0 - 319 

LMO-550-320 

Date - 
5-20-64 

5-27-64 

5 -27-64 

5-27-64 

5-28-64 

5-28-64 

6-1-64 

6-3-64 

6-4-64 

6-5-64 

6-5-64 

6-5-64 

T i t l e  

Re l i ab i l i t y  Review O f  RCA Rendez- 
vous Radar Orbit  Ci rcu lar iza t ion  
Trade-off Stxdies ( U ) ,  LTM-B- 
3200-5, Dated 30 Apri l  1964 

R e l i a l b i l i t y  Review O f  RCA Document 
"LEM System And Subsystem Relia- 
b i l i t y  Data L i s t ,  26 March 1964" 

In t e rna l  Envirmment Sirnillator, 
P.O. 2-24460, R e l i a b i l i t y  E f fo r t  

Re l i ab i l i t y  Comments To RCA Let te r  
LCC-ASD-P-3200, 5100-470, Dated 
14 May 1964 

RCA Re l i ab i l i t y  Summary On The 
Third Qxarterly Review, Marquardt 
Corporation, 14 And 15 May 1964 

L E M  R e l i a b i l i t y  - Controller Limit 
Switches Configuration Analysis 

Re l i ab i l i t y  Comments On RCA Com- 
munications Siibsystem Monthly 
Status  Report O f  30 April  1964 

Reliabi l i t -y  Comments On NASA 
Prcvisioning Policy 

L E M  Re l i ab i l i t y ,  Kearfott  Division 
O f  GPI, Rate Gyro Assembly - 
Program Plan, Evaluation O f  

Re l i ab i l i t y  Reports For The Astro- 
data  Signal Conditioner Specif i -  
ca t ion  

Minutes O f  Meetings O f  26 
1 And 2 June 1964, Guidance And 
Control Alternate Pa5hs 

And 

R e l i a b i l i t y  Comments On Prcposed 
PDS Schemes 

Contract NAS 9-1100 LPR- 5 5 0- 6 
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8.1 Memorandums (continued) 

Number 

LMO-550-321 

LMO- 550- 322 

LMO - 5 5 0- 324 

LMO-550-325 

LMO - 5 50- 326 

LMO- 5 50- 327 

LMO- 5 5 0- 328 

LMO-550-329 

LMO - 5 5 0- 299A 
(Revis ion ) 

LMO-550-330 

LMO- 5 50- 331 

Date 

6-9-64 

- 

6-9-64 

6 - 10- 64 

6-9-64 

6-13-64 

6-15-64 

6-16-64 

6- 16-64 

6 - 16- 64. 

6-16-64 

6-17-64 

6-17-64 

W t l e  

L e c t z e  For Corpora%e Faiiure 
Repcrting 

Re l i ab i l i t y  Comments On RCA Com- 
mnica t icns  €ackagir-g Stady O f  
il May 1-964 

Min-ife s O f  GAEC/FCA Meeting Con- 
cer i ing  Maintainability/Reliability 
ReqLTrements 

LEM GSE Par ts  

Inpiit To Performance Specif icat icn 
Fcr 'The Microwave Switch 'Jszd I n  
The X-Band Transpcnder 

Review O f  Airesearch Program Plan 
SS-3090, Dated 4 May 1964, Received 
26 June 1964 

Review O f  NAA Procurement Specifi-  
cat ion MC-453-00093 A s  A Common 
Usage Source For L E M  Pyrotechnic 
Devices 

STL/GAEC". Maintainabili ty Conference 

Re l i ab i l i t y  Review Of RCA Document 
L E M  System And Sabsystem Relia- 
b i l i t y  Data hist, Dated 15 May 1964 

Re l i ab i l i t y  Analysis O f  CSM 
Rescrxe O f  L E M  

Test Program Plans For The 
Cotnmunicaticn Sii'usystem T~?dF In- 

Stay ALtennas 
F l igh t  S-Band In-Flight And L.- n LAnw 

Re l i ab i l i t y  Of The Test. Program 
Func%ion On LEM 3 If The LCC And 
Tape Reader Are Implemented 

Contract NAS 9-1100 
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8.1 Memorandums (continued) 

Number 

LMO - 5 5 0- 3 32 

LMO- 5 5 0- 3 33 

Lm- 5 5 0- 3 34 

LMO - 5 5 0- 3 35 

LMO- 5 50- 336 

LMO- 5 5 0- 337 

LMO - 5 5 0- 3 38 

Lm-550-339 

LMO-550-340 

LMO-550-341 

LMO- 5 50- 342 

LMO- 550-343 

LMO-550-344 

LMO - 5 5 0- 34 5 

Date 

6-18-64 

- 

6 -18 - 64 

6-18-64 

6-22-64 

6 -22 - 64 

6-22-64 

6-22-64 

6- 23-64 

6-23-64 

6-24-64 

6- 26- 64 

T i t l e  

Response To RA TWX 4843, Dated 
12 June 1964: 
Instrdmentation (PCMTEA) P.O. 

Per t inent  To U M  

2-18848-c 

Trip Report To Hamilton Standard 

Minutes Of Meeting - 11 June 
1964 - Between HSD And GAEC R e l i -  
a b i l i t y  O f  ECS 

CANCELLED 

PR3PRIETAEY 

Trip Report On R e l i a b i l i t y  Atten- 
dance 

R e l i a b i l i t y  Evaluation O f  RCA 
Program For ATCA, Dated 28 May 1964 

Addition O f  A "Communication 
Equipment Life" Paragraph To The 
Communication Subsystem Specifi-  
c a t ion,  LSP-380-2 

CANCELLED 

Allison Program Planning DGcuments 
EDR-3700, Da+?d 10 January 1964, 
And EDR-3700A, Dated 1 June 1964 

CANCELTAD 

STL Preliminary Re l i ab i l i t y  Report, 
Dated 1 April 1964 

L&M Relialbi1,i ty Computer Program 

Trip R e p r t  To NASA/MSC For WrG- 
technic Meeting Held On 2 And 3 
June 1964 

Contract NAS 9-1100 LPR- 5 5 0- b 
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8.1 Memorandums (continued) 

Number 

LMO-550-346 

' LMO-550-347 

LMO- 5 5 0- 348 

LMO- 5 5 0- 35 0 

LMO - 5 5 0- 3 5 1 

LMO - 5 5 0- 352 

LMO- 5 5 0- 35 3 

LMO - 5 5 0- 3 5 4 

Date 

6 -26-64 
- 

6 -29- 64 

6-30-64 

7-1-64 

7-7-64 

7-13-64 

7-13-64 

7-13-64 

7-13-64 

7-15-64 

7-15-64 

T i t l e  

Re l i ab i l i t y  Requirements For 
Development Fuel C e l l  Test Bench 
As sembly LSP - 4 3 0- 8140~ 
Breakdown O f  The Communic a t  ions 
Subsystem For Maintainabili ty 

Alternate Paths For The Guidance 
Fanction After Loss O f  Two Fuel 
C e l l  Assemblies 

STL/LEM Descent Engine In jec tor  
A s  sembly Re l iab i 1 i t y  Assurance 
i k t a i i  Test Plan, STL Report 
8438-6108-s~~000, Dated 22 
1964 - TYPE I DOCUMENT 

Re l i ab i l i t y  Review O f  RCA LEM 
Monthly Status  Report, Dated 30 
April  1964, LMR-(P)-~~oo-~, 
Radar Equipment 

Requirements For The Development 
Of The Apollo Radiation Cooled 
Reaction Control Engine 

PROPRIETARY 

Comments On Support Manual Outline 
Tanks Posi t ive Expulsion Propel- 
l a n t  RCS BAC Model 8339 

Rel i ab i l i t y  Control ' s  Review O f  
The Acceptance Test Plan For The 
Descent Stage Propellants Flank 

Mission Success Paths For Guidance 
And Control Function With Existing 
Configuration And Digi ta l  Auto 
P i l o t  Configuration 

PROPRIETARY 

Contract NAS 9-1100 LPR- 5 5 0- 6 
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8.1 Memorandums (continued) 

Number 

LMO - 5 5 0- 35 7 

LMO- 5 5 0- 3 58 

LMO- 5 50- 3 59 

LMO - 5 5 0- 36 0 

LMO - 5 50- 361 

LMO-550-362 

LMO- 5 5 0- 363 

LMO-550-364 

LMO- 5 50- 365 

LMO-550-366 

LMO-550-367 

Date - 
7- 17-64 

7- 17 - 64 

7-20-64 

7-2G-64 

7-21-64 

7- 21 - 64 

7-21-64 

7-22-64 

7-22-64 

7-22-64 

7-22-64 

T i t l e  

Meeting On LRCCP On 13 July 1964 

Transfer O f  D/S Engine S t a t i c  
Fir ing From AMR To WSMR Effect  
On Launch Q And Operational 
Re adine s s 

Comments Re: STL Thrust Mount 
And Gimbal Assembly Re l i ab i l i t y  
Assurance Test Plan No. 8438-6118- 
SUOOO, Dated 12 June 1964 
TYPE I DOCUMENT 

- 

Fuel Cel l  Assembl_y Study 

Review O f  The Seventh Monthly 
Status  Report From RCA On Radars 
LMR- (P)-3100-7 

Re l i ab i l i t y  Review O f  Kearfott  
Monthly Report On RGA, Concerning 
Period 1 May Through 31 May 1964 

Fai lure  Reporting Requirements 
For LtEM, Implementation O f  

RCA Request For Non-Preferred 
Par t  Approval For Varactor Diodes 
And Transis tors  

Input To Performance Specif icat ion 
For The Waveguide Assemblies Used 
I n  The X-Band Transponder 

R e l i a b i l i t y  Review O f  RCA Second 
Quwte r ly  I& s ign Report LQR- (P ) - 
3100-2, Dated 15 June 1964 

Re l i ab i l i t y  Comments To “he Kear- 
f o t t  Test Plan For The Engineering 
Portion O f  Design Verif icat ion 
Tests 

Contract NAS 9-1100 LPR-550-6 
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8.1 Memorandums (continued) 

Number 

LMO- 5 5 0- 368 

LMO - 5 5 O - 36 9 

LMO-550-370 

LMI - 5 5 0- 371 

LID-550-3'72 

LMO-550-373 

LMO- 5 50- 374 

LMO - 5 5 0-37 5 

Date - 
7-22-64 

7-22-64 

7-23-64 

7-24-64 

7- 24- 64 

7-27-64 

7- 28 -64 

7-31-64 

T i t l e  

R e l i a b i l i t y  E f fo r t  On LEM GSE 

Comments Re: Bel l  R e l i a b i l i t y  
Assurance Test Plan And Fai lure  
Mode Predict ion Analysis, Report 
No. 8258-932004, Dated 1.5 June 
1964 - TYPE I DOCUMENT 

GAEC Re l i ab i l i t y  Comments On RCA 
F i r s t  Communications Quarter ly  
Report 

R e l i a b i l i t y  Inputs To Performance 
Specif icat ions And Vendor Request 
For The Waveguide Swltcii k i d  Wave- 
guide Assemblies, LVR/LSP-370-202 
And -203 

Fuel And Oxidizer Transfer Units 
( S14- 002- 008 ) Comon Us age GSE 
Waiver O f  Qual i f ica t ion  For Con- 
di t ioning System Subassembly 

PROFBIETARY 

Evaluation O f  TMC R e l i a b i l i t y  
Testing Program Plan 

Comments Regarding STL Propellant 
Shut - O f f  Valve As semb l y  , Re l i a b  i li t y  
Assurance T e s t  Plan No. 8438-6120- 
SUOOO, Dated 19 June 1964 

Contract N W  S ) - l L 0 0  
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8.2 LED's (LEM Engineering Data) 

LED- 5 50-28 

, LED-550-29 

LED-550-30 

LED-550-31 

LED-550-32 

LED- 5 5 0- 33 

LED-550-34 

5 -25 -64 

5-11-64 

5-15-64 

6-19-64 

6 -26- 64 

7-2-64 

7-24-64 

RCS R e l i a b i l i t y  Ground Rules And 
Estimates For Success Path Study 
bw-mEm& 
Micro-Pkteoroid Study Weight- 
R e l i a b i l i t y  Trade-off - 
Mission Success Path Study O f  
The Related Functions O f  The 
E l e c t r i c a l  Power And Environmental 
Control Subsystems 

LEMMission Success Paths For Pro- 
pulsion Subsystems 

Acceptable Par t s  For GSE/STE 

LEM R e l i a b i l i t y  Apportionment 
Technique 

Maintainabili ty Analysis Prelaunch 
Operational Readiness O f  The Fixed 
In jec tor  Descent Engine 
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